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Native species of the Missouri River drainage inhabiting benthic habitats dominate state
and federal lists of species at risk. Sicklefin Chub Macrhybopsis meeki and Sturgeon Chub
Macrhybopsis gelida are two native Missouri River benthic minnows that are currently under
review for federal listing under the Endangered Species Act (ESA) due to extensive population
declines and local extirpations within their native range. Substantial alterations to the Missouri
River threaten Macrhybopsis spp. and other benthic fishes; however, large, less impacted
tributaries in South Dakota may act as refugia for native species. The extent of Sicklefin Chub
and Sturgeon Chub populations is largely unknown in the state and recent assessments
documenting Missouri River benthic fish assemblages are lacking. The goal of this project was
to update the distribution and abundance of benthic fishes of the Missouri River and its major
tributaries with an emphasis on Sicklefin Chub and Sturgeon Chub in South Dakota. Our
objectives were to: 1) evaluate abiotic and biotic influences on distributional patterns of Sicklefin
Chub and Sturgeon Chub and characterize their habitat use, and 2) describe and compare patterns
of benthic fish assemblage structure within rivers and for the region. Information presented
herein pertains to the tributaries, due to zero catch of Macrhybopsis spp. in the mainstem
Missouri River. Sturgeon Chub were captured in the Cheyenne, White, and Little White rivers
but were absent from the Little Missouri and Grand rivers. Relative abundances of both age-0

and age-1+ Sturgeon Chub were highest in the White River. Distributions of Sturgeon Chubs
were limited to lower areas of all rivers where stream width, turbidity, discharge, and observed
habitat complexity were highest and Flathead Chub Platygobio gracilis and Hybognathus spp.
(Plains Minnow H. placitus and Western Silvery Minnow H. argyritis) were more abundant.
Sturgeon Chub primarily used main or secondary flowing channels and were predominantly
found in or near the thalweg. Velocity, depth, and percent gravel predicted Sturgeon Chub
presence on smaller scales. Predominantly native fish assemblages were observed in all rivers.
Total species richness was lowest in the White River, where extreme environmental conditions
likely limit species diversity and nonnative species establishment. Longitudinal patterns of
assemblage structure were observed in the White, Cheyenne, and Little White rivers due to
natural and anthropogenic changes in habitat conditions. Species additions occurred as rivers
gradually increased in size and habitat complexity, but native species were replaced in response
to abrupt habitat changes, such as those created by impoundments. High abundances of native,
benthic fishes in Missouri River tributaries of South Dakota that are experiencing overall
population declines highlights the importance of large, relatively unaltered tributaries to the
conservation of freshwater biodiversity in North America.
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CHAPTER 1
GENERAL INTRODUCTION AND STUDY OBJECTIVES

Freshwater biodiversity in North America is declining at an alarming rate due to
anthropogenic influences, with approximately 40% of freshwater fish documented as imperiled
or extinct (Jelks et al. 2008; Walsh et al 2011; Dudgeon 2019). Aquatic ecosystems in the Great
Plains region of North America are particularly at risk due to an extensive disturbance history
including changes in flow regime, habitat fragmentation, and the spread of introduced species
(Deiterman and Galat 2004; Dodds et al. 2004; Perkin and Gido 2011). The Missouri River, the
longest river in North America at 3,768 km, is one of the most regulated rivers in the United
States and may have the most altered hydrological regime of all large Great Plains rivers (Grady
and Milligan 1998; Dieterman 2000; Berry and Young 2001; Galat et al. 2005; Costigan and
Daniels 2012). These dramatic changes have led to multiple fishes native to the Missouri River
being classified as rare, threatened, endangered, or species of greatest conservation need (SGCN)
by state and federal agencies (Wildhaber et al. 2012).
Native species of the Missouri River drainage inhabiting benthic habitats, dominate state
and federal lists of species at risk (Pflieger 1997). Native fish develop specific adaptations to
match their environment, resulting in a high degree of endemism (Hesse 1994). As the
environmental template changes, these species can either adapt, if tolerance levels are not
exceeded, or move to a new location with more favorable environmental conditions. Persistent
native fish species utilize both strategies; however, often with a range contraction or decline in
abundance (Lytle and Poff 2004, Olden and Poff 2005). Sicklefin Chub Macrhybopsis meeki and
Sturgeon Chub Macrhybopsis gelida are two native Missouri River benthic minnows (Family
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Leuciscidae) that evolved unique morphological adaptations and specialized life-history
strategies suited to the ecological conditions of the pre-developed Missouri River (Moore 1950;
Davis and Miller 1967; Reigh and Elsen 1979; Pflieger 1997; USFWS 2001; USFWS 2008a;
USFWS 2008b; Albers 2014a; Albers 2014b; Panella et al 2018). Extensive population declines
and local extirpations of both native species warranted the pending 12-month finding by the
USFWS to determine if they will be federally listed under the Endangered Species Act (ESA;
USFWS 2017).
The genus Macrhybopsis includes species belonging to a unique guild of pelagicbroadcast spawning minnows that require long lengths of continuous riverine habitat for
successful reproduction (Dieterman and Galat 2004; Hoagstrom et al. 2006; Perkin and Gido
2011; Albers 2014a; Albers 2014b; Starks et al. 2016). This reproductive guild is disappearing in
Great Plains rivers due to altered hydrology and stream fragmentation, which precludes the
upstream migration of adults and limits downstream drift distances of developing embryos
(Perkin and Gido 2011). Sicklefin Chub and Sturgeon Chub require distances of at least 300 km
of free-flowing river to successfully reproduce and persist (Dieterman and Galat 2004;
Hoagstrom et al. 2006; Perkin and Gido 2011). Current populations of Sicklefin Chubs and
Sturgeon Chubs in the mainstem Missouri River primarily exist in the three reaches that contain
over 300 km of uninterrupted river: above Fort Peck Lake, Montana; between Fort Peck Dam
and Lake Sakakawea, North Dakota; and downstream from Gavins Point Dam, South Dakota
(Galat and Lipkin 2000; Dieterman and Galat 2004).
The native range of Sicklefin Chub includes the Missouri River, the Mississippi River
downstream from the Missouri River confluence, and lower most reaches of select tributaries
within these river basins (i.e., Yellowstone River, Kansas River, etc.; Werdon 1993a; Hesse
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1994; USFWS 2001). Sturgeon Chub historically occupied the same area but also inhabited
many tributaries adjoining these systems (Werdon 1993b; USFWS 2001). As of 2001, the United
States Fish and Wildlife Service estimated that both species occupied approximately 55% of
their historic ranges and Sturgeon Chub had been extirpated from 19 of 30 tributaries to the
Missouri and Yellowstone rivers it had formerly occupied (USFWS 2001). Flow alterations,
decreased turbidity, and a loss of connectivity by fragmented habitat pose the greatest threats to
Macrhybopsis spp. in the Missouri River system (Hesse et al. 1993; Hesse 1994; USFWS 2001;
Rahel and Thel 2004; USFWS 2008a; USFWS 2008b; NGPC 2010; Albers 2014a; Albers
2014b; Steffensen et al. 2014).
Mainstem populations of Sicklefin Chub and Sturgeon Chub have been the most
impacted in the highly fragmented reach of the Missouri River, from Lake Sakakawea to Gavins
Point Dam (USFWS 2001). Four out of the five mainstem dams in this reach reside within South
Dakota’s state borders, where Sicklefin Chub are listed as endangered, and Sturgeon Chub are
listed as threatened at the state level (SDGFP 2022). Few Sicklefin Chub and Sturgeon Chub
individuals have been collected from the unchannelized reaches of the Missouri National
Recreational River in South Dakota below Fort Randall and Gavins Point dams since 2000
(SDGFP 2022; SDGFP, unpublished data). Additionally, Sturgeon Chub are thought to be
extirpated from two Missouri River tributaries in the state, the Little Missouri and Grand rivers
(Kelsch 1994; USFWS 2001). However, Sturgeon Chub collections have been reported from the
Cheyenne, White, and Little White Rivers (Fryda 2001; Heakin et al. 2002; Hoagstrom et al.
2006; Cunningham 2014; Jones 2018), yet the extent of their populations within these tributaries
is largely unknown.
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Relatively large tributaries that are less impacted by anthropogenic disturbances have
been viewed as refugia for large-river specialist species and proposed as areas to direct
conservation efforts (Pracheil et al. 2013; Dunn et al. 2018). The persistence of Sturgeon Chub
populations in tributaries isolated by mainstem reservoirs suggests that Sturgeon Chub can fulfill
life history requirements in relatively smaller systems compared to Sicklefin Chub, which has
only been collected from large, mainstem rivers. Sturgeon Chub occupancy, habitat use, and
species associations are commonly investigated in large rivers in association with Sicklefin Chub
(Gould 1994; Grady and Milligan 1998; Welker 2000; Berry et al. 2004; Dieterman and Galat
2004; Everett et al. 2004; Herzog 2004; Welker and Scarrneccia 2004; Ridenour et al. 2009;
Wildhaber et al. 2012; Braaten et al. 2021), but limited knowledge exists regarding these subjects
in smaller tributaries (Stewart 1981; Werdon 1992; Hampton and Berry 1997; Quist et al. 2004).
Additionally, the increasing value of tributaries to the conservation of native fishes calls for a
synthesis of the benthic fish assemblage structure of major Missouri River tributaries in South
Dakota.
Fish assemblage structure can vary on multiple spatial scales where habitat is an
important structuring mechanism (Fischer and Paukert 2008). Regional influences such as
geology and climate can be determinants of species distributions and delineate assemblages
geographically (Marsh-Matthews and Matthews 2000; Torgersen et al. 2006; Stewart et al.
2016), while instream habitat can structure fish assemblages locally (Schlosser 1982; Quist and
Guy 2001; Fischer and Paukert 2008). Spatial influences facilitate rivers to contain distinct
environmental traits, which translate into the structure of their fish assemblages. Additionally,
the structure and function of fish assemblages have been documented to change longitudinally
along river gradients as a response to distinct habitat changes (Hughes and Gammon 1987; Rahel
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and Hubert 1991; Pegg and McClelland 2004; Torgersen et al. 2006; Eitzmann and Paukert
2009; Beard et al. 2018). Species can be added or replaced along the river gradient in a gradual
or abrupt fashion depending on the magnitude of change (Rahel and Hubert 1991; Matthews
1998; Beard et al. 2018). Changes to habitat can occur naturally or via anthropogenic influences,
such as impoundments, which are known to alter physical and chemical river conditions of
downstream reaches (Hesse 1994; Pegg et al. 2003; Quist et al. 2005), thus impacting fish
assemblages (Bonner and Wilde 2000; Berry and Young 2001; Pegg 2002; Quist et al. 2005).
Western tributaries of the Missouri River in South Dakota have differing levels of natural
and anthropogenic influences, as these streams flow through diverse landscapes utilized by
humans for various purposes. Contemporary studies (i.e., after 2000) documenting the benthic
fish assemblages of these rivers are lacking (Fryda 2001; Hoagstrom 2006; Jones 2018).
Similarly, and the drivers of assemblage structure in these rivers have been minimally quantified
(Hoagstrom 2006; Hoagstrom et al. 2006; Hayer et al. 2008). Knowledge of the factors
influencing the current status and organization of the benthic fish assemblages of western
Missouri River tributaries in South Dakota could contribute to the conservation efforts of species
that can no longer inhabit much of the mainstem river in the state.
Current knowledge of rare, benthic fishes of the Missouri River system in South Dakota
is needed to ensure the continued existence of native fish communities and the habitats on which
they depend. Sturgeon Chubs in the Cheyenne and White river drainages are likely functionally
disconnected from mainstem habitat on the Missouri River due to extensive alterations,
providing a unique opportunity to gain insight into the dynamics of isolated populations of
Sturgeon Chub in tributary rivers. The continued imperilment of benthic stream fishes of the
Great Plains and the increasing value of large tributaries to their conservation justify the
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assessment of factors that structure benthic fish assemblages among multiple tributary rivers of
the region. The goal of this project was to update the distribution and abundance of benthic
fishes of the Missouri River and its major tributaries with an emphasis on Sicklefin Chub and
Sturgeon Chub in South Dakota. Our objectives were to: 1) evaluate abiotic and biotic influences
on distributional patterns of Sicklefin Chub and Sturgeon Chub and characterize their habitat use,
and 2) describe and compare patterns of benthic fish assemblage structure within rivers and for
the region. Sicklefin Chub and Sturgeon Chub were not captured from the mainstem Missouri
River in South Dakota during this project. Similarly, Sicklefin Chub was not captured in the
tributaries. Therefore, much of the information presented herein will pertain to Sturgeon Chubs
and the benthic fish community at-large in the tributaries. These data can be used to inform the
listing status of Sicklefin Chub and Sturgeon Chub and has broader implications to help combat
the continued and emerging threats to native fishes in lotic systems.

7

LITERATURE CITED
Albers, J. L. 2014a. Sicklefin chub. In M. E. Eberle & D. R. Edds (Eds.), Kansas Fishes.
Lawrence, KS: University Press of Kansas.
Albers, J. L. 2014b. Sturgeon chub. In M. E. Eberle & D. R. Edds (Eds.), Kansas Fishes.
Lawrence, KS: University Press of Kansas.
Beard, Z. S., M. C. Quist, R. S. Hardy, and T. J. Ross. 2018. Patterns in fish assemblage structure
in a small western stream. Copeia 106(4):589–599.
Berry, C. R., Jr., and B.A. Young. 2001. Introduction to the benthic fishes studies: population
structure and habitat use of benthic fishes along the Missouri and Lower Yellowstone
Rivers, volume 1. US Geological Survey, Cooperative Research Units, South Dakota
State University: Brookings.
Berry, C. R., Jr., and B. A. Young. 2004. Fishes of the Missouri National Recreational River,
South Dakota and Nebraska. Journal of Great Plains Research 14:89–114.
Bonner, T. H., and G. R. Wilde. 2000. Changes in the Canadian River fish assemblage associated
with reservoir construction. Journal of Freshwater Ecology 15(2):189–198.
Braaten, P. J., D. B. Fuller, T. M. Haddix, J. R. Hunziker, M. E. Colvin, L. M. Holmquist, and R.
H. Wilson. 2021. Catch rates for Sturgeon Chubs and Sicklefin Chubs in the Upper
Missouri River 2004–2016 and correlations with biotic and abiotic variables. Journal of
Fish and Wildlife Management 12(2):322–337.
Costigan, K. H., and M. D. Daniels. 2012. Damming the prairie: human alteration of Great Plains
river regimes. Journal of Hydrology 444:90–99.
Cunningham, G. 2014. South Dakota Scientific Collector’s Permit. South Dakota Department of
Game, Fish and Parks. Pierre, South Dakota.
Davis, B.J. and R.J. Miller. 1967. Brain patterns in minnows of the genus Hybopsis in relation to
feeding habits and habitat. Copeia 1967:1-39.
Dieterman, D.J. 2000. Spatial patterns in phenotypes and habitat use of sicklefin chub,
Macrhybopsis meeki, in the Missouri and Lower Yellowstone Rivers. PhD. Thesis,
University of Missouri, Columbia. 185 pp.
Dieterman, D. J., and D.L. Galat. 2004. Large-scale factors associated with sicklefin chub
distribution in the Missouri and lower Yellowstone rivers. Transactions of the American
Fisheries Society 133:577-587.
Dodds, W. K., K.B. Gido, M.R. Whiles, K.M. Fritz, and W.J. Matthews. 2004. Life on the edge:
The ecology of Great Plains prairie streams. BioScience 54(3):205-216.

8

Dudgeon, D. 2019. Multiple threats imperil freshwater biodiversity in the Anthropocene. Current
Biology 29(19):R960–R967.
Dunn, C. G., B. L. Brooke, R. A. Hrabik, and C. P. Paukert. 2018. Intensive sampling reveals
underreported use of great-river tributaries by large-river fishes in Missouri. Southeastern
Naturalist 17(3):512–520.
Eitzmann, J. L., and C. P. Paukert. 2010. Longitudinal differences in habitat complexity and fish
assemblage structure of a great plains river. The American Midland Naturalist 163(1):14–
32.
Everett, S. R., Scarnecchia, D. L., & Ryckman, L. F. 2004. Distribution and habitat use of
sturgeon chubs (Macrhybopsis gelida) and sicklefin chubs (M. meeki) in the Missouri and
Yellowstone Rivers, North Dakota. Hydrobiologia 527: 183-193.
Fischer, J. R., and C. P. Paukert. 2008. Habitat relationships with fish assemblages in minimally
disturbed Great Plains regions. Ecology of Freshwater Fish 17(4):597–609.
Fryda, D. D. 2001. A survey of the fishes and habitat of the White River, South Dakota. Master’s
thesis. South Dakota State University, Brookings. 112 pp.
Grady, J.M., and J. Milligan. 1998. Status of selected cyprinid species at historic Lower
Missouri River sampling sites. U.S. Fish and Wildlife Service, Columbia, Missouri. 49
pp.
Galat D.L., and R. Lipkin. 2000. Restoring ecological integrity of great rivers: historical
hydrographs aid in defining reference conditions for the Missouri River. Hydrobiologia
422: 29–48
Galat, D. L., C. R. Berry, E. J. Peters, and R. G. White. 2005. Missouri River Basin. In: A.C
Benke and C.E. Cushing (Eds.), Rivers of North America. Elsevier, Oxford, pp. 426–480.
Gould, W. R. 1994. The recent distribution of Sturgeon Chub (Macrhybopsis gelida) In
Montana. Report Submitted to the Montana Department of Fish, Wildlife and Parks.
Helena, Montana. 15 pp.
Hampton, D.R. and C.R. Berry, Jr. 1997. Fishes of the mainstem Cheyenne River in South
Dakota. Proceedings of the South Dakota Academy of Science 76: 11–25.
Hayer, C., S. S. Wall, and C. R. Berry. 2008. Evaluation of predicted fish distribution models for
rare fish species in South Dakota. North American Journal of Fisheries Management
28(4):1259–1269.

9

Heakin, A., N. Morey, and C. Berry Jr. 2002. Environmental monitoring and assessment
program activities in South Dakota. Annual Progress Report Submitted to the South
Dakota Department of Game, Fish and Parks by the U.S. Geological Survey.
Herzog, D. P. 2004. Capture efficiency and habitat use of sturgeon chub (Macrhybopsis gelida)
and sicklefin chub (Macrhybopsis meeki) in the Mississippi River. Master’s thesis.
Southeast Missouri State University, Cape Girardeau
Hesse L.W., G.E. Mestl and J.W. Robinson. 1993. Status of selected fishes in the Missouri River
in Nebraska with recommendations for their recovery. Pages 327-340. in L.W. Hesse et
al. (eds). Proceedings of the Symposium on restoration planning for the rivers of the
Mississippi River Ecosystem. Biol. Rep. 19. U.S. Dept. Int., Nat. Biol. Sur., Washington,
DC.
Hesse, L.W. 1994. Status of Nebraska fishes in the Missouri River, 5. Selected chubs and
minnows (Cyprinidae): sicklefin chub (Macryhybopsis meeki), sturgeon chub (M. gelida),
silver chub (M. storeriana), speckled chub (M. aestivalis), flathead chub (Platygobio
gracilis), plains minnow (Hybognathus placitus), and western silvery minnow (H.
argyritis). Transactions of the Nebraska Academy of Sciences 21:99-108.
Hoagstrom, C. W. 2006. Fish Community Assembly in the Missouri River Basin. M.S. Thesis,
South Dakota State University, Brookings. 365 pp.
Hoagstrom, C. W., C.A. Hayer, J.G. Kral, and S.S. Wall. 2006. Rare and declining fishes of
South Dakota: A river drainage scale perspective. Proceedings of the South Dakota
Academy of Science 85:171-211.
Hughes, R. M., and J. R. Gammon. 1987. Longitudinal changes in fish assemblages and water
quality in the Willamette River, Oregon. Transactions of the American Fisheries Society
116(2):196–209.
Jelks, H. L., S. J. Walsh, N. M. Burkhead, S. Contreras-Balderas, E. Diaz-Pardo, D. A.
Hendrickson, J. Lyons, N. E. Mandrak, F. McCormick, J. S. Nelson, S. P. Platania, B. A.
Porter, C. B. Renaud, J. J. Schmitter-Soto, E. B. Taylor, and M. L. Warren. 2008.
Conservation status of imperiled North American freshwater and diadromous fishes.
Fisheries 33(8):372–407.
Jones, S. 2018. Wester Prairie Stream Fisheries: An assessment of past and present fish
assemblage structure, biotic homogenization, and population dynamics in western South
Dakota streams. Master’s thesis. South Dakota State University, Brookings. 210 pp.
Kelsch, S. W. 1994. Lotic fish-community structure following transition from severe drought
to high discharge. Journal of Freshwater Ecology 9(4):331–341.
Lytle, D.A. and N. L. Poff. 2004. Adaptation to natural flow regimes. Trends in Ecology and
Evolution 19(2):94–100.

10

Marsh-Matthews, E., and W. J. Matthews. 2000. Geographic, terrestrial and aquatic factors:
which most influence the structure of stream fish assemblages in the midwestern United
States?: Structure of stream fish assemblages. Ecology of Freshwater Fish 9(1–2):9–21.
Matthews, W. J. 1998. Patterns in freshwater fish ecology. Chapman and Hall, New York.
Moore, G.A. 1950. The cutaneous sense organs of barbeled minnows adapted to life in the
muddy waters of the Great Plains region. Transactions of the American Microscopy
Society 69:69-93.
Nebraska Game and Parks Commission (NGPC). 2010. Nebraska’s At-Risk Wildlife. Wildlife
Division Publication. Nebraska Game and Parks Commission, Lincoln.
Olden, J.D., and N. L. Poff. 2005. Long–term trends of native and non–native fish faunas in the
American Southwest. Animal Biodiversity and Conservation 28.1:75–89.
Panella, M.J., S.C. Schainost, G.E. Mestl, and K.D. Steffensen. 2018. Listing proposal for four
small-bodied fishes in Nebraska: Flathead Chub (Platygobio gracilis), Plains Minnow
(Hybognathus placitus), Sicklefin Chub (Macrhybopsis meeki), and Western Silvery
Minnow (Hybognathus argyritis). Nebraska Game and Parks Commission, Lincoln.
Pegg, M. A., C. L. Pierce, and A. Roy. 2003. Hydrological alteration along the Missouri River
Basin: A time series approach. Aquatic Sciences - Research Across Boundaries 65(1):63–
72.
Pegg, M. A., and M. A. McClelland. 2004. Spatial and temporal patterns in fish communities
along the Illinois River. Ecology of Freshwater Fish 13(2):125–135.
Perkin, J. S., and K.B. Gido. 2011. Stream fragmentation thresholds for a reproductive guild of
Great Plains fishes. Fisheries, 36(8):371-383.
Pflieger, W.L. 1997. The fishes of Missouri. Missouri Department of Conservation, Jefferson
City, Missouri.
Pracheil, B. M., P. B. McIntyre, and J. D. Lyons. 2013. Enhancing conservation of large-river
biodiversity by accounting for tributaries. Frontiers in Ecology and the Environment
11(3):124–128.
Quist, M. C., and C. S. Guy. 2001. Growth and mortality of prairie stream fishes: relations with
fish community and instream habitat characteristics: Growth and mortality of prairie
fishes. Ecology of Freshwater Fish 10(2):88–96.
Quist, M. C., W. A. Hubert, and F. J. Rahel. 2004. Relations among habitat characteristics,
exotic species, and turbid-river Cyprinids in the Missouri River Drainage of Wyoming.
Transactions of the American Fisheries Society 133(3):727–742.

11

Quist, M. C., W. A. Hubert, and F. J. Rahel. 2005. Fish assemblage structure following
impoundment of a great plains river. Western North American Naturalist 65(1):53–63.
Rahel, F. J., and W. A. Hubert. 1991. Fish assemblages and habitat gradients in a Rocky
Mountain–Great Plains stream: biotic zonation and additive patterns of community
change. Transactions of the American Fisheries Society 120(3):319–332.
Rahel, F. J., and L.A. Thel. 2004. Sturgeon Chub (Macrhybopsis gelida): A Technical
Conservation Assessment. USDA Forest Service, Rocky Mountain Region.
Reigh, R. C., and D. S. Elsen. 1979. Status of the sturgeon chub (Hybopsis gelida) and sicklefin
chub (Hybopsis meeki) in North Dakota. The Prairie Naturalist 11(2):49-52.
Ridenour C. J., A. B. Starostka, W. J. Doyle, T. D. Hill. 2009. Habitat used by Macrhybopsis
chubs associated with channel modifying structures in a large regulated river:
implications for river modification. River Research and Applications 25: 472−485
Schlosser, I. J. 1982. Fish community structure and function along two habitat gradients in a
headwater stream. Ecological Monographs 52(4):395–414.
South Dakota Game Fish and Parks (SDGFP). 2022. State T & E Species Status Reviews;
Approved by SDGFP Commission 1 September 2022. Available online:
https://gfp.sd.gov/UserDocs/nav/TE_draft_status_reviews_2022_revision_FINAL.pdf
South Dakota Game Fish and Parks (SDGFP). (unpublished data). Historical Sicklefin Chub and
Sturgeon Chub collection locations state-wide.
Starks, T. A., M.L. Miller, and J.M. Long. 2016. Early life history of three pelagic-spawning
minnows Macrhybopsis spp. in the lower Missouri River. Journal of Fish Biology 88:
1335-1349.
Steffensen, K. D., Shuman, D. A., & Stukel, S. 2014. The status of fishes in the Missouri River,
Nebraska: Shoal chub (Macrhybopsis hyostoma), sturgeon chub (M. gelida), sicklefin
chub (M. meeki), silver chub (M. storeriana), flathead chub (Platygobio gracilis), plains
minnow (Hybognathus placitus), western silvery minnow (H. argyritis), and brassy
minnow (H. hankinsoni). Transactions of the Nebraska Academy of Sciences and
Affiliated Societies 34: 49-67.
Stewart, D.D. 1981. The biology of the sturgeon chub (Hybopsis gelida Girard) in Wyoming.
M.S. Thesis, University of Wyoming, Laramie. 54 pp.
Stewart, D. R., A. W. Walters, and F. J. Rahel. 2016. Landscape‐scale determinants of native and
non‐native Great Plains fish distributions. Diversity and Distributions 22(2):225–238.

12

Torgersen, C. E., C. V. Baxter, H. W. Li, and B. A. McIntosh. 2006. Landscape influences on
longitudinal patterns of river fishes: spatially continuous analysis of fish–habitat
relationships. American Fisheries Society Symposium 48:473–492
U.S. Fish & Wildlife Service Service (USFWS). 2001. Updated Status Review of Sicklefin and
Sturgeon Chub in the United States. U. S. Fish and Wildlife Service, Region 6. Denver,
Colorado.
U.S. Fish and Wildlife Service Service (USFWS). 2008a. Three year summary age and growth
report for Sicklefin Chub (Macrhybopsis meeki): Pallid Sturgeon population assessment
project and associated fish community monitoring for the Missouri River. Prepared for
the U.S. Army Corps of Engineers Northwest Division. U.S. Fish and Wildlife Service.
Region 6, Columbia, Missouri.
U.S. Fish and Wildlife Service Service (USFWS). 2008b. Three year summary age and growth
report for Sturgeon Chub (Macrhybopsis gelida): Pallid Sturgeon population assessment
project and associated fish community monitoring for the Missouri River. Prepared for
the U.S. Army Corps of Engineers Northwest Division. U.S. Fish and Wildlife Service.
Region 6, Columbia, Missouri.
U.S. Fish and Wildlife Service (USFWS). 2017. Endangered and threatened wildlife and plants;
90-day findings for 5 species; Proposed rule. Dept. Interior, Fish & Wildlife Service.
Federal Register, 50 CFR Part 17. 82(243): 60362-60366.
Walsh, S. J., H. L. Jelks, and N.M. Burkhead. 2011. The Decline of North American Freshwater
Fishes 36(4):8.
Welker, T.L. 2000. Ecology and structure of fish communities in the Missouri and Lower
Yellowstone Rivers. PhD. Thesis, University of Idaho, Moscow. 232 pp.
Welker, T. L., and D. L. Scarnecchia. 2004. Habitat use and population structure of four native
minnows (family Cyprinidae) in the upper Missouri and lower Yellowstone rivers, North
Dakota (USA). Ecology of Freshwater Fish 13: 8-22.
Werdon, S. J. 1992. Population status and characteristics of Macrhybopsis gelida, Platygobio
gracilis, and Rhinichthys cataractae in the Missouri River basin. M.S. Thesis. South
Dakota State University, Brookings, South Dakota.
Werdon, S. J. 1993a. Status report on sicklefin chub (Macrhybopsis meeki), a candidate
endangered species. U.S. Fish and Wildlife Service, Ecological Services. North Dakota
State Office. Bismarck, ND. 44 pp.
Werdon, S. J. 1993b. Status report on sturgeon chub (Macrhybopsis gelida), a candidate
endangered species. U.S. Fish and Wildlife Service, Ecological Services. North Dakota
State Office. Bismarck, ND. 58 pp.

13

Wildhaber, M. L., D. W. Gladish, and A. Arab. 2012. Distribution and habitat use of the
Missouri River and lower Yellowstone River benthic fishes from 1996 to 1998: A
baseline for fish community recovery. River Research and Applications 28, 1780–1803.

14

CHAPTER 2
DISTRIBUTIONAL PATTERNS AND HABITAT USE OF STURGEON CHUB IN
MISSOURI RIVER TRIBUTARIES OF SOUTH DAKOTA

ABSTRACT
The Sturgeon Chub is a benthic minnow native to the Missouri River and lower
Mississippi River basins that is highly adapted for life in large, turbid, and free-flowing rivers.
Past and present water development practices in large rivers throughout its range have altered
flows, decreased turbidity, and fragmented habitat, which has led to their imperilment. Sturgeon
Chub are thought to persist in large, relatively unaltered tributaries; however, many of these
populations are isolated due to fragmentation of mainstem habitats. Sturgeon Chub occupancy,
habitat use, and species associations are commonly investigated in large rivers, but limited
knowledge regarding these subjects in smaller tributaries exists. We updated the distribution and
abundance of Sturgeon Chub populations in western Missouri River tributaries of South Dakota,
evaluated broad scale abiotic and biotic influences on their distributional patterns, and
characterized their habitat use. Sturgeon Chub were captured in the Cheyenne (n = 81), White (n
= 331), and Little White (n = 71) rivers but were absent from the Little Missouri and Grand
rivers. Relative abundances of Sturgeon Chub of all life stages were highest in the White River
(age-0 mean CPUE = 0.93 fish per 240 m2, age-1+ mean CPUE = 1.44 fish per 240 m2).
Distributions of all Sturgeon Chubs were limited to lower areas of all rivers where stream width,
turbidity, discharge, and observed habitat complexity were highest. Sturgeon Chub were often
found in association with high abundances (≥ 10% of catch) of Flathead Chub Platygobio
gracilis and Hybognathus spp. (Plains Minnow H. placitus and Western Silvery Minnow H.
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argyritis). Sturgeon Chub used main (76% of total capture) or secondary (24% of total capture)
flowing macrohabitats and were predominantly found in channel border or thalweg (48% of total
capture) mesohabitats but used a wider variety of shallower macro- and mesohabitats in the
White River, presumably due to its higher turbidity levels. Mesohabitats with greater bottom
velocities (mean = 0.34 m/s, SD = 0.11) and higher percentages of gravel (mean = 44, SD = 24)
in the substrate were more likely to contain Sturgeon Chub in the White and Little White rivers,
while greater depths (mean = 0.49 m , SD = 0.19) were associated with their presence in the
Cheyenne River. This study will help inform management decisions regarding the listing status
of Sturgeon Chub and contribute to the understanding of its dynamics in isolated, tributary rivers.

INTRODUCTION
The Sturgeon Chub Macrhybopsis gelida is a highly adapted benthic minnow native to
the large, turbid Missouri River and lower Mississippi River basins (Moore 1950; Reigh and
Elsen 1979; Pflieger 1997). Sturgeon Chub possess morphological adaptations to extremely
turbid environments, including reduced optic brain lobes and eyes, conspicuous mouth barbels,
and hundreds of cutaneous sensory organs scattered densely throughout their bodies (Moore
1950; Davis and Miller 1967; Pflieger 1997; Dieterman and Galat 2004; Albers 2014a; Albers
2014b). As a member of a unique guild of pelagic-broadcast spawning minnows, Sturgeon Chub
require long lengths of continuous riverine habitat for successful reproduction (Dieterman and
Galat 2004; Hoagstrom et al. 2006; Perkin and Gido 2011; Albers 2014a; Albers 2014b; Starks et
al. 2016). These specializations have made Sturgeon Chub populations particularly vulnerable to
impacts associated with past and present water development practices that have degraded
habitats of North America’s largest rivers (USFWS 2017; SDGFP 2022).
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The Missouri River may have the most altered hydrological regime of all large Great
Plains rivers (Costigan and Daniels 2012). The once wild and unpredictable “Big Muddy” has
been stabilized to fit the needs of humans (Galat et al. 2005). Flood control, navigation,
irrigation, and power production development projects have re-shaped the river in the past
century (Berry and Young 2001), transforming nearly one-third of the river’s lotic habitat into
lentic reservoirs (Galat et al. 2005). Dams in the upper basin and channelization in the lower
basin have fragmented habitat, distorted the natural hydrograph, and substantially lowered
turbidity levels of the river (Hesse et al. 1993; Dieterman 2000; Berry and Young 2001; Everett
et al. 2004). All of these changes pose threats to the continued existence of Sturgeon Chub
(Hesse 1994; USFWS 2001b; Rahel and Thel 2004; SDGFP 2006; USFWS 2008a; USFWS
2008b; NGPC 2010; Albers 2014a; Albers 2014b; Steffensen et al. 2014).
Sturgeon Chub populations have seen dramatic reductions and local extirpations
throughout their native range since the start of the dam building era (USFWS 2001b). The native
range of Sturgeon Chub includes the Missouri River, the Mississippi River downstream from the
Missouri River confluence, and relatively large tributaries adjoining these systems (Werdon
1993; USFWS 2001b). As of 2001, the United States Fish and Wildlife Service estimated that
Sturgeon Chub occupied approximately 55% of their historic range and has been extirpated from
19 of 30 tributaries to the Missouri and Yellowstone rivers it formerly occupied (USFWS
2001b). Sturgeon Chub are currently undergoing a 12-month finding by the USFWS to
determine if the species should be federally listed under the Endangered Species Act (ESA;
USFWS 2017).
As society continues to develop and rely on large, mainstem rivers, relatively large
tributaries that are less impacted by anthropogenic disturbances have been viewed as refugia for
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large-river specialist species and proposed as areas to direct conservation efforts (Pracheil et al.
2013; Dunn et al. 2018). Many populations of Sturgeon Chub are isolated to tributaries due to
fragmentation of mainstem habitats (Kelsch 1994; Rahel and Thel 2004; Hoagstrom 2006).
Sturgeon Chub occupancy, habitat use, and species associations are commonly investigated in
large rivers (Gould 1994; Grady and Milligan 1998; Welker 2000; Berry and Young 2001;
Dieterman and Galat 2004; Everett et al. 2004; Herzog 2004; Welker and Scarrneccia 2004;
Ridenour et al. 2009; Wildhaber et al. 2012; Braaten et al. 2021), but limited knowledge
regarding these subjects in smaller tributaries exists (Stewart 1981; Werdon 1992; Hampton and
Berry 1997; Quist et al. 2004). Therefore, the goal of this project was to update the distribution
and abundance of Sturgeon Chub populations in Missouri River tributaries of South Dakota. Our
objectives were to 1) evaluate broad scale abiotic and biotic influences on Sturgeon Chub
distributional patterns, and 2) determine fine scale influences of Sturgeon Chub occupancy to
characterize their habitat use in tributary rivers. These data will help inform management
decisions regarding the listing status of Sturgeon Chub and contribute to the understanding of its
persistence in isolated, tributary rivers that is vital for its conservation.

METHODS
Study Area
This study was conducted in five western Missouri River tributaries of South Dakota that
Sturgeon Chub historically occupied: the Little Missouri, Grand, Cheyenne, White, and Little
White rivers. The hydrology of these rivers are typical of others in the Great Plains region, where
cycling of extreme environmental conditions (e.g., floods, drought) has historically shaped fish
distribution and assemblage structure (Dodds et al. 2004). Varying degrees of flow regulation are
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now associated with each of these rivers, except for the White River, which remains undammed.
The Little White River meets its confluence with the White River, while the remaining rivers
have confluences with the most regulated reach of the Missouri River, where mainstem dams and
reservoirs limit connectivity between systems.
Fishes and habitat characteristics were sampled from a total of 90, 1-km river reaches
comprised of the Little Missouri (n = 10), Grand (n = 14), Cheyenne (n = 24), White (n = 28),
and Little White (n = 14) rivers during July to August, 2020 and May through August, 2021
(Figure 2-1). The number of reaches were proportionally allocated to each river by its extent
(river km) in South Dakota. Reaches were stratified by river and semi-randomly selected, based
on accessibility (i.e., bridges, roads, two tracks close to river permitted by private landowners),
with priority placed on more recent (after 2000) Sturgeon Chub capture locations from data
provided by the South Dakota Department of Game, Fish and Parks.
Data Collection
Fish and habitat data collection methods largely followed standardized procedures
developed by the Pallid Sturgeon Population Assessment Team (Welker and Drobish 2016).
Specifically, we employed an active sampling approach using three gears to target Sturgeon
Chub and other benthic fish species within 1-km river reaches. The bag seine had a width of 7.5m and a mesh size of 10-mm, the otter trawl consisted of a 2.4-m beam width with 5-mm mesh,
and the 30-m multifilament nylon trammel nets had 25-mm inner mesh and 200-mm outer mesh.
We used a two-tiered hierarchical habitat classification system, designating each net
sample with a macrohabitat and mesohabitat type. Macrohabitat types included main channel,
off-channel (e.g., connected side channels, braided channels), and backwater (e.g., disconnected
channels). Mesohabitat types included bar, pool, riffle/run, and thalweg/border. We matched our
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sampling approach to stream conditions in an attempt to encompass all available macro- and
mesohabitat types within each reach, and prioritized seine and trawl deployment to best capture
Sturgeon Chub presences and absences among net samples and reaches. Time, GPS coordinates,
reach length (1 km goal), and number of net samples (6 sample minimum) were recorded for
each reach.
We deployed seines, trawls, and trammel nets in a downstream direction for the full
length of the mesohabitat within a given reach or up to 100 m. We quantified the effort for each
sampling event in linear square meters by calculating the net sample area as the product of the
distance and width of a given net sample. Trawls had a fixed net width, while seines and trammel
net widths were adjusted based on mesohabitat conditions. Half arc and quarter arc methods
were also used with the seine to sample a known area. The area of the net was calculated for half
arc (1/2 πr²) and quarter arc (1/4 πr²) seine methods by using the width between sampling
personnel as the radius. All fishes captured were identified and enumerated. Total length
(measured to the nearest mm) for all fish species was recorded, along with weight (g) for
individuals ≥ 250 mm.
We collected physical measures of habitat at the midpoint of all net sample locations.
Depth (m) was measured with a standard United States Geological Survey (USGS) Top Setting
Wading Rod. The top setting wading rod was paired with a Marsh McBirney Flo-Mate 2000 to
measure velocity(m/s). When water depth exceeded 1.2 m, velocity measurements were taken at
the river bottom, 0.2 of depth, and at 0.8 of depth. Velocity measurements were taken at the
bottom and at 0.6 of water depth when depth was less than 1.2 m. We sampled substrate with a
handheld shovel and visually estimated sediment types after flushing water over the sample and
through 2 mm and 0.630-mm sieves. Cobble and organic matter were categorized as none,
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incidental, dominant, or ubiquitous. Percent gravel, sand, silt, and compacted sediment were
visually estimated and summed to 100%, unless cobble was ubiquitous. Water temperature (°C)
and dissolved oxygen (DO; mg/L) were measured using a YSI-85. A Lovibond TB 250 WL
Portable Turbidimeter was used to measure turbidity in Nephelometric Turbidity Units (NTU),
and conductivity (μS) was measured with a Hach Conductivity Meter. Weather data recorded
included air temperature (°C), cloud cover, and wind speed. United States Geological Survey
(USGS) water data were referenced to collect river stage and discharge at the nearest gage, postsampling. Mean wetted stream width (m) for each reach was calculated post sampling via
satellite imagery with Google Earth Pro, by taking the mean of 3 width measurements equally
spaced within reaches.
Data Analysis
Relative Abundance
We calculate relative abundances for age-0 and age-1 Sturgeon Chub and compared among
rivers and reaches. Individual Sturgeon Chub life stages were assigned by a length-based cut off
of 48 mm, meaning individuals < 48mm were considered age-0 fish. This cut off was developed
a priori based on previous studies of the age and growth of Sturgeon Chub throughout its range
(Stewart 1981; Werdon 1992; Pflieger 1997; Everett et al. 2004; USFWS 2008a, 2008b; Albers
2014a, 2014b). We also calculated catch per unit effort (CPUE) for age-0 and age 1+ within each
net sample as number of fish / m2. An index of Sturgeon Chub relative abundance was calculated
by averaging the CPUE data from seine and trawl samples within reaches. Reach CPUE values
were then converted to fish per 240 m2, which represents the average number of Sturgeon Chub
captured in a 100-m trawl sample or a 50-m standard width seine sample within a given reach.
Additionally, all fishes captured from net samples were used to calculate percent composition
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(percent of total catch) for all Sturgeon Chub within each river to allow comparison to previous
assessments.
Occupancy Analyses
We aimed to understand what factors influenced Sturgeon Chub occupancy on two
spatial scales. We conducted analyses to evaluate what broad scale abiotic and biotic factors
influenced Sturgeon Chub reach occupancy to characterize their distributional patterns, hereafter
referred to as the reach scale. Our smaller scale analyses were conducted with net sample data
rather than reach data to better understand their habitat use by determining the fine scale factors
that influenced Sturgeon Chub net occupancy. This scale of analyses will be hereafter referred to
as the mesohabitat scale, since net samples were delineated by mesohabitat types.
Reach Scale Distributional Patterns
We used a Random Forest (Breiman 2001) classification model to identify abiotic and
biotic associations of Sturgeon Chub reach occupancy. Random Forest is a machine learning
algorithm based on regression or classification trees that has been successfully applied to
distributional studies of freshwater fish (Vezza et al. 2015). Random Forest grows many
classification or regression trees based on bootstrap samples of a data set and combines the
predictions from all the trees (Murphy et al. 2010; Cutler et al. 2007). In Random Forest
classification, trees are fit to each bootstrap sample, which contains approximately 2/3 of the
original dataset. The remaining 1/3 of the of the data are referred to as out-of-bag (OOB)
observations. A small number of randomly selected variables are partitioned at the nodes within
each tree. The trees are fully grown and used to predict the OOB observations, which are then
used to elect the predicted class and calculate the probabilistic prediction output of each
observation (Breiman 2001; Cutler et al. 2007; Vezza et al. 2015). Out of Bag (OOB) error
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estimates are essentially cross-validated accuracy estimates, since OOB observations were not
used in the fitting of the trees (Cutler et al. 2007). The importance’s of predictor variables are
generated by random permutations of the values of each variable that are passed down the tree to
get new predictions. The average prediction accuracy difference before and after permutation of
a variable among all trees gives its importance (Breiman 2001; Cutler et al. 2007; Vezza et al.
2015).
Net sample habitat and fish data were used to create reach explanatory variables to be
included in the random forest classification analysis that compared data on the reach scale.
Measured habitat variables were averaged by reach and mesohabitat type. These averages were
calculated to give equal weight to each mesohabitat type and account for sample differences
among reaches. Continuous habitat variables were z-score standardized prior to analysis to
account for differences in measurement units and value ranges of environmental data. Fish
community abundance variables were created for species that we hypothesized to be ecologically
relevant to Sturgeon Chub occupancy (i.e., niche overlap, competitors, predators) by
transforming the summed reach data for each species into categorized percent of catch variables
(0 = absent, 1 = less than 10% of catch, 2 = greater than or equal to 10% of catch). Generalized
variance inflation factor scores (GVIF) were used to assess multicollinearity of explanatory
variables. Specifically, we used GVIF1/2(df), where df is degrees of freedom, to allow comparison
between the different dimensions or varying degrees of freedom of continuous and categorical
variables. Highly collinear variables were sequentially excluded from the analysis based on their
hypothesized ecological importance to Sturgeon Chub occupancy, until all GVIF^1/2df scores
were ≤ 3 (Fox and Monnette 1992; Zuur et al. 2010).
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We constructed a single random forest model using reach data only from the rivers where
Sturgeon Chub were captured. The model included 19 explanatory variables (Table 2-1) and a
single binary response variable: Sturgeon Chub presence or absence (0 or 1). We calculated
mean importance values for each variable from 10 runs of random forest to address the
randomness associated with the machine learning algorithm. The Model Improvement Ratio
(MIR; Murphy et al. 2010) technique was employed to identify the most parsimonious model.
Following the MIR procedure, we standardized the mean permuted importance of each variable
from zero to one and subset variables using 0.10 threshold increments, with all variables above
the threshold retained for each model (Evans and Cushman 2009; Murphy et al. 2010). The
subset model with the lowest total OOB error and lowest maximum within-class error was
selected (Murphy et al. 2010). Partial dependence plots were constructed to visualize the effect
of each covariate included in the selected model. Relative variable importance (IMP) and model
performance metrics including OOB error, accuracy, sensitivity, specificity, Cohen’s kappa (k),
area under the receiver operating characteristic curve (AUC), and true skill statistic (TSS) were
used to evaluate the model fit to the data (Mouton et al. 2010; Vezza et al. 2015). All random
forest model fitting, selection, and evaluation were performed using the randomForest (Liaw and
Wiener 2002) and rfUtilities (Evans and Murphy 2018) packages in program R version 4.1.3.
We also aimed to better understand biotic associations of Sturgeon Chub by investigating
differences in fish community composition among reaches in relation to Sturgeon Chub
occupancy. Fish community relationships were investigated using nonmetric multidimensional
scaling (NMDS), an ordination technique that is widely used to depict fish community patterns
(Helms et al. 2005; Smith et al. 2016; Beard et al. 2018). Nonmetric multidimensional scaling
reduces dimensionality while accurately maintaining among-sample distances (Giddings et al.
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2006). The fit of the ordination was evaluated by the stress value, with a value ≤ 0.20 indicative
of a good fit (McCune and Grace 2002; Beard et al. 2018). Jaccard distance was used for the
NMDS ordination performed with R package vegan (Oksanen et al. 2022). Reach specific
presence-absence data were used to form the ordination. Sturgeon Chub were removed from the
community matrix prior to the ordination procedure to exemplify differences of species
compositions independent of Sturgeon Chub occupancy. Sturgeon Chub occupancy was added as
a categorical grouping variable to visualize and assess differences of fish communities between
reaches where they were present or absent. Confidence ellipsoids of Sturgeon Chub present and
absent reaches were constructed with an 80% confidence interval of the standard deviation and
projected onto the ordination.
Differences in fish community structure among Sturgeon Chub present and absent
reaches and rivers were evaluated with permutational multivariate analysis of variance
(PERMANOVA). Multiple regression of z-score scaled habitat variables (Table 1) and
ordination axes were conducted with the vegan package (fuction envfit; Oksanen et al. 2022). A
Bonferroni correction was used to account for the multiple comparisons (Beard et al. 2018)
where a corrected value of P < 0.005 was used to determine significance of abiotic variables to
the ordination. Significant variables were then projected as vectors onto the ordination space.
Mesohabitat Scale Occupancy
We constructed multiple binomial logistic regression models to better characterize
Sturgeon Chub habitat use by investigating influences of environmental variables on Sturgeon
Chub occupancy within net samples, or on the mesohabitat scale. Reaches where Sturgeon Chub
were not captured were removed from these analyses to reduce noise from observations collected
outside of Sturgeon Chub occupied areas. The response variable was reduced to
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presence/absence data (0 or 1) of Sturgeon Chub from seine and trawl samples due to the
frequent occurrences of zeros in the CPUE data. Environmental explanatory variables were
selected for evaluation if they were hypothesized as being influential to Sturgeon Chub presence
based on previous literature and were deemed appropriate for analyses at this scale (i.e., varied
substantially between mesohabitat samples).
Explanatory variables were z-score scaled and evaluated for multicollinearity with a
GVIF cutoff of 3. Each model was offset by a net area variable (linear square meter area of each
net haul) to account for different levels of effort. Separate models were created for each river
drainage to account for differences in measured habitat variables between rivers. A model list
was created for each analyses using all possible combinations of explanatory variables to predict
Sturgeon Chub presence at the mesohabitat scale. Akaike information criterion (AIC) model
selection was used to determine the most optimal combination of covariates. Models holding
approximately 95% of the cumulative weight within the list were averaged to obtain more
accurate coefficients for each term. Fully averaged coefficients were used to create prediction
plots of Sturgeon Chub probabilistic mesohabitat occupancy for the most strongly related terms
by holding all other terms in the averaged model to their mean.

RESULTS
Distribution and abundance
A total of 483 Sturgeon Chubs were captured in the White River (n = 331), Little White
River (n = 71), and Cheyenne River (n = 81; Figure 2-1). There were no Sturgeon Chub captures
in the Grand or Little Missouri rivers. Sturgeon Chub were captured in 22 of the 28 (79%) White
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River reaches, 10 of the 24 (42%) Cheyenne River reaches, and 3 of the 14 (21%) Little White
River reaches.
The White River exhibited the largest geographical distribution and highest abundances
of Sturgeon Chub. We found Sturgeon Chub in all historical sampling locations, except for one
reach which was the second closest to the river mouth. We also documented 13 new locations for
Sturgeon Chub in the river. Sturgeon Chub were absent from the 5 upper White River reaches,
which were much closer to the river’s headwaters in Nebraska. We found Sturgeon Chub in high
abundances in the lower 7 river km of the Little White River (~ 24 individuals per reach, ~ 5 fish
per 240 m2) and documented 2 new capture locations, but they were otherwise absent from all
other reaches sampled, which included one historical capture location.
We observed the distributional extent of Sturgeon Chub in the Cheyenne River to match
that of all historical records, except for two localities between Angostura Dam and the Belle
Fouche River confluence (hereafter referred to as the middle Cheyenne River). Sturgeon Chub
were absent from the 8 reaches of the middle Cheyenne River between HWY 44 and Angostura
Dam and from the 4 reaches above the reservoir (hereafter referred to as the upper Cheyenne
River). We captured Sturgeon Chub at 6 newly documented locations, with 5 of those locations
coming from the area between the Belle Fouche River confluence and the river mouth (hereafter
referred to as the lower Cheyenne River). The lower Cheyenne River comprised 86% of the total
catch of Sturgeon Chub in the river.
Size Structure
Sturgeon Chub total length ranged from 18-90 mm (mean = 51, SD = 21; Figure 2-2).
Length-frequency distributions differed by river system, with the White River having the most
even distribution of individuals among all length classes. Low number of catch within the 45-50
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mm total length bin for each river corroborated our a priori 48 mm length-based cut off for age-0
fish. The size structure of Sturgeon Chub varied along river gradients of the Cheyenne and White
Rivers, where the majority of age-1+ fish were captured in the uppermost reaches of their
occupied areas, while age-0 fish were predominantly located in downstream reaches (Figure 23). The lower Little White River and the middle reaches of the White and Cheyenne rivers
contained a mix of age-0 and age-1+ fish.
Relative Abundance
The White River contained the highest abundances of Sturgeon Chub of all life stages,
followed by the Little White River and the Cheyenne River (Figure 2-4). On average, the White
River exhibited the highest relative abundances of all Sturgeon Chub (mean CPUE = 2.37 fish
per 240 m2, SD = 2.39), followed by the Little White River (mean CPUE = 1.07 fish per 240 m2,
SD = 2.18), and Cheyenne River (mean CPUE = 0.49 fish per 240 m2, SD = 0.94). Age-0 fish
were most abundant in the White River (mean CPUE = 0.93 fish per 240 m2, SD = 1.55)
followed by the Little White River (mean CPUE = 0.69 fish per 240 m2, SD = 1.55) and were
lowest in the Cheyenne River (mean CPUE = 0.22 fish per 240 m2, SD = 0.81). Mean CPUE of
age-1+ Sturgeon Chub was also highest in the White River (1.44 fish per 240 m2, SD = 1.99) and
the Little White River (0.38 fish per 240 m2, SD = 0.80), and lowest in the Cheyenne River (0.27
fish per 240 m2, SD = 0.51). Sturgeon Chub made up 7% of the total catch throughout the White
River, 3% in the Little White River, and 2% in the Cheyenne River.
Reach Scale Distributional Patterns
Evaluation of the performance metrics of our final random forest model (10,000 trees, 2
variables tried at each split) suggests high predictive power (OOB error = 6.06%, accuracy =
93.94%, sensitivity = 0.97, specificity = 0.92, k = 0.88, AUC = 0.94, TSS = 0.87). Habitat
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variables of stream width (IMP = 1.00), turbidity (IMP = 0.68), discharge (IMP = 0.41),
conductivity (IMP = 0.14), and fish community variables (abs/pres/abu) of Flathead Chub
Platygobio gracilis (IMP = 0.24) and Hybognathus spp. (Plains Minnow H. placitus and Western
Silvery Minnow H. argyritis; IMP = 0.21) were retained for the final random forest model
following the MIR method. Partial dependence plots reveal that turbidity has a consistently
positive relationship with Sturgeon Chub occupancy in a reach (Figure 2-5). The probability of
Sturgeon Chub presence initially increases with increasing values of stream width, discharge,
and conductivity, but then declines once values reach a specific threshold. The abundances of
Flathead Chub and Hybognathus spp. were both positively correlated with the probability of
Sturgeon Chub presence. Flathead Chub abundance was slightly more important to the model,
however, Hybognathus spp. abundance displayed a stronger positive relationship with Sturgeon
Chub presence (Figure 2-5).
The NMDS ordination of our species occurrence data reached a stress value of 0.20 with
2 dimensions (Figure 2-6), which is at the uppermost value of what is considered interpretable.
Results of the PERMANOVA indicate differences of fish community composition based on
Sturgeon Chub occupancy (P < 0.001, R2 = 0.13). However, a slightly greater percent of variance
explained is due to differences of fish communities among rivers (P < 0.001, R2 = 0.15). Some
variance is from the interaction of these two variables (P < 0.001, R2 = 0.08) indicating these
rivers possess distinct fish communities with some overlap in community composition occurring
in reaches that contain Sturgeon Chub. Sauger Sander canadensis and Hybognathus spp. were
most frequently associated with the presence of Sturgeon Chub, while Red Shiner Cyprinella
lutrensis, Plains Killifish Fundulus zebrinus, Shorthead Redhorse Moxostoma macrolepidotum,
White Sucker Catostomus commersonii, Creek Chub Semotilus atromaculatus, Black Bullhead
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Ameiurus melas, Walleye Sander vitreus, Bluegill Lepomis macrochirus, Largemouth Bass
Micropterus salmoides, and Smallmouth Bass Micropterus dolomieu were frequently associated
with their absence (Table 2-2). Abiotic variables of stream width, turbidity, discharge, percent
sand, depth, and percent silt were significantly related (Bonferroni corrected alpha value of P <
0.005) to the species occurrence ordination. Stream width, discharge and percent sand were
highest in reaches containing Sturgeon Chub, while the most turbid reaches were associated with
Sturgeon Chub in occupied areas of the White River. Increasing depth and silt related to the
absence of Sturgeon Chub.
Habitat Use
Most Sturgeon Chubs (76% of the total catch) were captured in main channel
macrohabitats and 24% were captured from off-channel macrohabitats. No Sturgeon Chubs were
captured in backwater macrohabitats. Sturgeon Chub mesohabitat use consisted of 25% bars,
27% riffle-runs, and 48% thalweg/borders mesohabitats. No Sturgeon Chubs were collected in
pool mesohabitats. Sturgeon Chub macro- and mesohabitat use varied between rivers (Figure 27), with fish from the White River utilizing a greater diversity of habitat classes. The Sturgeon
Chub’s association with our measured variables also varied between rivers (Table 2-3), however,
they were most frequently associated with bottom velocities of 0.32 – 0.34 m/s and depths of
0.25 – 0.49 m over substrates of gravel and sand.
Mesohabitat Scale Occupancy
Measured variables of depth, bottom velocity, and all substrate variables (percent sand,
gravel, silt, and compacted) were hypothesized to be ecologically relevant to Sturgeon Chub’s
presence in a net sample. However, percent silt and percent compacted substrate were removed
from the model selection process due to multicollinearity. Data from the Cheyenne River and
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White River were separated due to differences in measured habitat variables. The White River
model set included data from both the White River and Little White River net samples due to the
connectivity of these systems and the limited differences of selected habitat variables. The model
with the lowest AIC score for the White River system retained variables of bottom velocity and
gravel. This model held 40% of the cumulative weight of the 15 models included in the list
(Table 2-4). The top 4 models containing 98% of the cumulative weight of the list were averaged
to estimate coefficients of covariates. Full averages of coefficients for covariates of bottom
velocity and gravel displayed strong positive relationships with the probability of Sturgeon Chub
presence in a net sample from the White River system (Figure 2-8).
Variables of depth and gravel were included in the top model for the Cheyenne River,
which held 25% of the cumulative weight of the 15 models included in the list (Table 2-5). The
full average of the estimated coefficient of depth exhibited the strongest relationship with
Sturgeon Chub presence after averaging the top 9 models containing 94% of the cumulative
weight of the model list. The probability of Sturgeon Chub presence in a net sample in the
Cheyenne River was positively correlated with depth (Figure 2-8).

DISCUSSION
Current Populations
We anticipated Sturgeon Chub to be absent from the Little Missouri reaches, as the last
and only records of Sturgeon Chub from that river in South Dakota are from 1976 (Bich and
Scalet 1977). We were unable to sample all historical collection sites due to access issues;
however, one historical sample location was between two of our sampling reaches. Most of this
river lies within North Dakota, where Sturgeon Chub were historically widespread and abundant
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(Reigh and Elson 1979). Sturgeon Chub have been absent from all surveys conducted on the
Little Missouri River since 1990 and are presumed to be extirpated from the system (Werdon
1992; Kelch 1994; Cunningham and Hickey 1997; USFWS 2001b). Kelch (1994) speculated that
an extended drought from 1987-1993 extirpated Sturgeon Chub from the river, and that they
were unable to recolonize the river due to the lower 67 river km being inundated by Lake
Sakakawea on the Missouri River. An attempt to re-establish Sturgeon Chub populations to the
river was made by translocating 976 chubs from the Yellowstone River in Montana to the Little
Missouri River at the south unit of Theodore Roosevelt National Park in North Dakota during
1998-2000 (USFWS 2001b). Sampling since this initiative, including the results from our study,
suggest that the reintroduction effort was unsuccessful (Rahel and Thel 2004).
We also expected that Sturgeon Chub would be absent from the Grand River reaches.
The closing of Oahe Dam in 1958 inundated the Sturgeon Chub’s historical upstream extent of
the river, approximately 13 km from the river mouth (Bailey and Allum 1962). The last known
record of Sturgeon Chub in the Grand River includes two individuals captured at this location in
1966 (SDGFP, unpublished data). It is likely that individuals captured in the Grand River
belonged to the greater Missouri River population due to their limited upstream extent.
Moreover, Shadehill Reservoir limits continuous riverine habitat to 256 river km in the Grand
River, which falls short of the estimated 297 river km needed to support the Sturgeon Chub’s
pelagic-spawning reproductive strategies (Perkin and Gido 2011).
We found Sturgeon Chubs to be widely distributed and abundant throughout much of the
White River. Historical collections of Sturgeon Chub in the White River date back to the 1890s
and almost every study of fishes of the White River have documented their presence (Evermann
and Cox 1896; Cunningham et al. 1995; Cunningham and Hickey 1997; Fryda 2001; Heakin et
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al. 2002; Jones 2018). The adaptations and life history strategies of the Sturgeon Chub to turbid,
free-flowing rivers (Moore 1950; Davis and Miller 1967; Reigh and Elsen 1979; Pflieger 1997)
are well suited to the ecological conditions of the White River. The river is frequently referred to
as the “White Dirt River” due to the high amount of white sediment it collects and carries from
South Dakota’s badlands, and we observed turbidity levels greater than 1100 NTUs on multiple
occasions. Additionally, the river’s sinuosity makes it the second longest undammed river in the
continental United States, providing ample drift distances for developing ichthyofauna and
maintaining natural flow regimes critical for their persistence (Dieterman and Galat 2004; Lytle
and Poff 2004; Perkin and Gido 2011).
This study documented the Sturgeon Chub’s distribution in the Little White River to be
restricted to its lower 7 river km, however, they were highly abundant in this area. Channel
morphology and habitat complexity differs in upstream reaches where Sturgeon Chub were
absent, which includes one historical sample location (SDGFP, unpublished data). The short
distance in which Sturgeon Chub were present in the Little White River and their habitat needs
as pelagic broadcast spawners suggest that these individuals belong to the greater White River
population. Gould (1994) suggested that large rivers serve as core areas for Sturgeon Chub in
Montana, and while they may emigrate into lower areas of select tributaries during appropriate
conditions, populations do not become established (Rahel and Thel 2004). The White River
discharge levels are known to drop to extreme lows during dry periods (Fryda 2001), so the
Little White River may serve as a refuge for White River populations during these conditions.
Our results of the Sturgeon Chub’s distribution and abundance in the Cheyenne River
suggest that the species is widespread and fairly abundant in the lower river, rare in the middle
river, and absent from the upper river. The Cheyenne River has been sampled intermittently
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within the past 30 years (Cunningham et al. 1995; Cunningham and Hickey 1997; Hampton and
Berry 1997; Duehr 2004; Hoagstrom et al. 2006; Jones 2018), but the Sturgeon Chub’s status in
the river has rarely been consistent. The upstream extent of Sturgeon Chub in the Cheyenne
River likely varies annually, depending on stream conditions. For example, Cunningham and
Hickey (1997) noted Sturgeon Chub were absent from upper Cheyenne River sampling locations
in 1997 but were present during surveys in 1994 and 1995 (Cunningham et al. 1995). We
observed a similar pattern between the years that we sampled. In 2021, we captured only one
individual from 4 sampling reaches spanning the river from Wasta to Red Shirt, while 5
individuals were captured from 1 reach within this same area in 2020. Average and total spring
and summer water discharge in the Cheyenne River was greater in 2020 than 2021, which could
suggest that the Sturgeon Chub’s upstream extent in the river is related to annual streamflow
conditions.
In addition to temporal variation in their distributions, population levels of Sturgeon
Chub are likely to fluctuate over time in these rivers, as the reproductive success and abundances
of other pelagic spawning minnows of the Great Plains appear to be related to streamflow
conditions (Durham and Wilde 2006; Durham and Wilde 2009; Worthington et al. 2014). Wilde
and Durham (2008) constructed an age-0 survival model of Peppered Chub Macrhybopsis
tetranema to relate changes in abundance to river discharge and predicted that abundance is high
and variable in unregulated rivers that often experience large fluctuations in flow patterns. Flow
regimes of the Cheyenne, White, and Little White rivers are relatively unaltered and often
experience periods of low or high discharge due to stochastic environmental conditions
(Hoagstrom 2006). It is plausible that the extremely high-water years of 2018 and 2019 aided the
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reproductive success of Sturgeon Chub populations in these rivers and contributed to the high
abundances that we found during our study.
We observed the highest abundances of Sturgeon Chub from the White, Little White, and
Cheyenne rivers ever recorded. We observed a 7% composition of Sturgeon Chub in the White
River, while Fryda (2001) reported 4% and Jones (2018) 1%. In the Cheyenne River, Hoagstrom
et al. (2006) reported 1% of the total catch from the lower river, while we found Sturgeon chubs
made up about 5% in the same area during our study. We also found higher abundances of
Sturgeon Chub in the lower area of the Little White River, which contrasted with the low
abundances observed by Cunningham (2014). High abundances of Sturgeon Chub found during
our study could represent a recent trend of population growth but could also be the result of
increased capture efficiency by our use of the benthic trawl. For example, an increase of capture
efficiency of Sicklefin Chub and Sturgeon Chub with the emergence of riverine trawling
techniques in the mainstem Missouri and Mississippi rivers found both species to be more
common than previously thought, denying their listing to the ESA in 2001 (Grisak 1996; Grady
and Milligan 1998; USFWS 2001a). This is the first study in these rivers to apply trawling
techniques that may have led to improved sampling efficiency. Although we did see high
abundances of Sturgeon Chub in these rivers, the lack of their capture beyond the extent that they
have historically been captured could be a reason for concern.
Our frequent capture of age-0 fish could also explain the observed increase in Sturgeon
Chub abundances, which are undocumented from these rivers, with the exception being
Hoagstrom et al. (2006) who captured six age-0 individuals in the Cheyenne River. The reason
for the lack of age-0 captures by previous investigators is unknown, but is likely due to gear
selectivity, timing of sampling, or where along the river gradient sampling occurred. The spatial
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patterns of age-0 and age-1+ Sturgeon Chub along river gradients observed during this study
may provide evidence of seasonal movements or dispersals that have not been previously
identified for the species. Peppered Chubs undergo directed upstream movements during the
spring and summer after large, spawning adults were found to congregate in upper reaches of the
Canadian River in New Mexico and Texas, while juvenile fish were primarily captured from
downstream segments (Bonner 2000). We observed similar patterns of Sturgeon Chub in the
White and Cheyenne rivers during our study, which could indicate an upstream movement prior
to spawning. This hypothesis could also explain why the only historical collection location that
we failed to capture Sturgeon Chub in the White River was the most recent site near the mouth of
the river (Jones 2018; Figure 1) because we sampled this reach in June; whereas age-0 fish did
not appear to recruit to our gears until July. A similar pattern was observed on the Cheyenne
River, where only two age-0 Sturgeon Chubs were captured at the lowermost reach during July
of 2021. If Sturgeon Chub are moving upstream, it is important that long segments of continuous
river are maintained so that they may fulfill their life history requirements. Additionally,
streamflow conditions and specific abiotic and biotic factors may dictate their occupancy of
upstream habitats.
Reach Scale Distributional Patterns
Abiotic variables used to predict Sturgeon Chub occupancy within a reach that we
derived from our analyses generally aligned with the literature regarding their broad scale habitat
associations. Sturgeon Chub are primarily regarded as large river residents that have very rigid
and specific habitat requirements (Stewart 1981; Gould 1997). Stream width, turbidity, and
discharge were identified as the three most important variables related to Sturgeon Chub
presence among reaches of the White, Little White, and Cheyenne rivers. In all three rivers, these
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variables generally increased in a downstream manner and likely all have important roles
limiting the upstream extent of Sturgeon Chub. Stewart (1981) noted the absence of Sturgeon
Chub from upper areas of the Powder River, a tributary to the Yellowstone River, and attributed
this to reductions in turbidity, since they were also absent from tributary mouths with less turbid
water. Everett (2004) found turbidity to be an important factor determining the presence of
Sturgeon Chub in the Missouri and Yellowstone rivers in Montana. The Sturgeon Chub’s
reliance on turbid waters has been well-documented (Stewart 1981; Werdon 1992; Everett et al.
2004; Quist et al. 2004; Welker and Scarnecchia 2004; Wildhaber et al. 2012) and reinforced by
the examination of their highly specialized sensory structures (Moore 1950). The Sturgeon
Chub’s relationship with stream width has not been discussed in the literature; however, Hayer et
al. (2008) identified stream size as the most influential factor of their presence in South Dakota
when evaluating species distributions of rare fishes in the state.
Larger rivers or wider reaches may coincide with other factors associated with Sturgeon
Chub presence or abundance, such as habitat complexity (Worthington et al. 2014). Reaches of
the White, Little White, and Cheyenne rivers that contained Sturgeon Chub were observed to
have high levels of habitat complexity that are typically characteristic to large, Great Plains
rivers. Frequently exposed sand and gravel bars, both well-defined thalwegs and braided channel
patterns, side channels, riffle-run-pool complexes, and a variety of depths were common to the
middle-to lower areas of all three rivers. River morphology changed in varying magnitudes of
each river, which coincided with decreases in habitat complexity and the loss of Sturgeon Chub
presence. Upper White and Little White river sites not containing Sturgeon Chub were deeper
and slower moving, exhibiting a confined channel with steeply sloped banks, high canopy cover,
with frequent pool habitat and silty substrates. The middle Little White River transitioned into a
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fast moving, high gradient stream with compacted, clay substrates. Although the Little White
River possesses a small dam near its headwaters and another significant barrier in the middle
river, the Little White and White river morphologies are shaped by relatively natural geomorphic
conditions, compared to the regulation of the Cheyenne River by Angostura Dam (Fryda 2001;
Hoagstrom et al. 2006; 2007).
Impoundments are known to alter the hydrology, geomorphology, and physical and
chemical river conditions of downstream reaches (Hesse et al. 1993; Quist and Hubert 2005;
SDGFP 2022). Cunningham and Hickey (1997) noted the influence of Angostura Reservoir to
downstream sites exhibiting clear water, large boulders, and the lack of exposed sand or gravel
bars. We observed similar impacts, in addition to lower water temperatures and velocities
relative to the lower river. Although the furthest upstream extent recorded for Sturgeon Chub in
the river is approximately 100 river km below Angostura Dam (Cunningham et al. 1995), the
impoundment likely impacts discharge levels throughout the river by dampening flood pulses,
which can have profound effects on large-river species, particularly during drought periods
(Hoagstrom et al. 2006). Impoundments are also known to impact fish assemblage structure by
reducing native species diversity and abundance and introducing nonnative species (Berry and
Young 2001; Pegg et al. 2003; Galat et al. 2005; Quist et al. 2005; Hoagstrom et al. 2007).
Turbidity reductions combined with the introduction of nonnative sight-feeding predators is
considered detrimental to native chubs in altered rivers (Werdon 1992; Rahel and Theil 2004),
which could be another factor limiting the upstream extent of Sturgeon Chub and other native
species in the Cheyenne River. Hoagstrom et al. (2007) proposed that predation by Smallmouth
Bass could have contributed to the absence of Flathead Chub and Hybognathus spp. in the
Cheyenne River within the 70 river kilometers below Angostura Dam. The influences of major
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tributaries that join the middle Cheyenne River further downstream from Angostura Dam
mitigate the abiotic and biotic influences of the impoundment (Hoagstrom et al. 2007), thus
creating conditions that are more suitable for Sturgeon Chub and other native, large-river
species.
Abiotic factors influencing the distribution of Sturgeon Chub throughout these rivers are
likely influencing the greater fish community composition within these tributaries. Even though
we determined that community composition differed among rivers, reaches that contained
Sturgeon Chub had similar fish communities. Previous studies have found Sturgeon Chub to be
associated with Flathead Chub (Stewart 1981; Werdon 1992; Gould 1994; Grisak 1996; Welker
and Scarnecchia 2004; Quist et al. 2004; Wildhaber et al. 2012) and Hybognathus spp. (Stewart
1981; Welker and Scarnecchia 2004; Quist et al. 2004), which aligns with our results. These
native leuciscids possess similar life history strategies and are also largely absent from the highly
altered mainstem Missouri River in South Dakota (Hesse et al. 1993; Quist et al. 2004; Welker
and Scarnecchia 2004). The association that we found between Sturgeon Chub and Sauger could
be tied to predator-prey interactions in these rivers, as Sturgeon Chub were identified as an
important prey source for Sauger in the Missouri River (Gardner and Berg 1982; Rahel and Thiel
2004; Weitzel 2002).
Habitat Use
Our study is one of few to describe Sturgeon Chub habitat use in relatively small rivers
(Stewart 1981; Werdon 1992; Hampton and Berry 1997; Quist et al. 2004). In large, mainstem
rivers that contain Macrhybopsis spp., such as the Missouri, Mississippi, and Yellowstone rivers,
the habitat use of Sturgeon Chub is well documented (Gould 1994; Grady and Milligan 1998;
Welker 2000; Berry and Young 2004; Everett et al. 2004; Herzog 2004; Welker and Scarrneccia
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2004; Ridenour et al. 2009; Wildhaber et al. 2012; Braaten et al. 2021). Previous studies in these
rivers predominantly found individuals in main and secondary habitats with sustained flow and
did not find them in backwater habitats, which is consistent with our findings. However, our
findings contrast that of Stewart (1981) who only captured Sturgeon Chub in rocky, riffle zones
in the Powder River in Wyoming, which could be due to habitat availability differences.
Sturgeon Chub have an affinity for gravel substrates (Davis and Miller 1967; Reigh and
Elsen 1979; Werdon 1992; Welker and Scarnecchia 2004). We collected Sturgeon Chub over
both sand and gravel substrates; however, the probability of their presence increased as percent
gravel increased in the White and Little White rivers. Velocity (Everett 2004; Welker and
Scarnecchia 2004) and depth (Everett et al. 2004) have been found to be an important predictors
of Sturgeon Chub presence. Our results suggest Sturgeon Chub use shallower depths and slower
bottom velocities than what has been reported from mainstem studies. Understandably, this is
likely due to habitat availability differences as a result of the geomorphic processes between
mainstem and tributary rivers.
Water quality differences between rivers in our study may be influencing how Sturgeon
Chub use available habitat. Gould (1994) found that Sturgeon Chub used shallow areas when
waters were highly turbid and deeper areas in less turbid waters in Montana. This is consistent
with our results and may explain why a strong relationship with depth was found in our
regression model for the Cheyenne River, but not the White River, which is much more turbid.
High turbidity could also explain why we saw a proportionally higher use of shallow, offchannel macrohabitats and bar and riffle/run mesohabitats by Sturgeon Chub in the White River
relative to the other two rivers. These findings highlight the need to better understand the habitat
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requirements of Sturgeon Chub in tributary rivers to ensure appropriate conservation measures
for the species.
Conclusion
We found that Sturgeon Chub populations are persisting in Missouri River tributaries of
South Dakota. Long, unfragmented river lengths and relatively natural hydrological regimes that
characterize these rivers appear to still provide suitable conditions for the persistence of these
highly adapted species. However, alterations to the Missouri River have isolated the White River
and Cheyenne River populations, thus reducing gene flow and presumably eliminating historical
refuge habitat for the species during extreme conditions. These effects are likely to be
exacerbated by climate change that projects more severe drought conditions in western South
Dakota by 2050 (Milly et al. 2005; Perkin et al. 2015). Sturgeon Chub are a short-lived species,
making them susceptible to dramatic population changes over short periods (Pflieger 1997;
SDGFP 2006; Wilde and Durham 2008; NGPC 2010; Albers 2014a; Albers 2014b). Therefore,
more frequent monitoring efforts for these species are needed to assess temporal changes to their
population levels. These tributaries also provide opportunities for future research to fill in the
knowledge gaps regarding many unknown aspects of Sturgeon Chub, including but not limited to
their life history, reproduction, feeding habits, and physiology. Conservation priority should be
placed on these tributaries and other large, relatively unaltered rivers that harbor imperiled,
large-river species that have been displaced by mainstem alterations in the Missouri River basin.
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Figure 2-1. Reaches sampled throughout the study area with Sturgeon Chub capture and
indicated. Historical sample locations are also depicted.
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Figure 2-2. Length frequency histograms showing individual lengths of Sturgeon Chub captured
from the White (n = 331), Little White (n = 71), and Cheyenne (n = 81) rivers (min = 18 mm,
max = 90 mm, mean = 51 mm, SD = 21 for all rivers).
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Figure 2-3. Sturgeon Chub mean total length for each reach where they were captured plotted
against river km on the White and Cheyenne rivers. Zero on the x-axis represents the river
mouth.
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Figure 2-4. Sturgeon Chub relative abundance (mean CPUE) by river and life stage. Catch per
unit effort (CPUE) indices were calculated for each by using seine and trawl samples and
represent the average number of individuals captured in a 100 m trawl or 50 m seine at standard
length (fish per 240 m2). The proportion of sampling reaches with zero captures are numerically
represented below boxplots. Zero captures are excluded from boxplot.

53

Figure 2-5. Partial dependence plots with scaled probability of Sturgeon Chub presence (y-axis)
for each variable included in the final random forest model. Abiotic variables were continuous
and biotic variables (FHCB = Flathead Chub, HBNS = Hybognathus spp.) represented
categorical abundances (0 = absent, 1 = less than 10% of catch, 2 = greater than 10% of catch).
Relative variable importance is depicted above each plot.
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Figure 2-6. Nonmetric multidimensional scaling (NMDS) using Jaccard distance formed with
species presences and absences from White, Little White, and Cheyenne river reaches. Sturgeon
Chub were removed from the matrix and included as a categorical grouping variable to evaluate
species composition differences between Sturgeon Chub present and absent reaches. The upper
plot is the reach ordination with Sturgeon Chub present and absent reach indicated and contains
the stress value on two dimensions. The middle plot is the species ordination (see table _ for
species codes) with the 80% standard deviational confidence ellipsoids of the Sturgeon Chub
present and absent groups. The lower plot shows significant abiotic variables to the ordination as
vectors.
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Figure 2-7. Macrohabitat and mesohabitat use by Sturgeon Chubs in each river that they were
captured in. No captures of Sturgeon Chub occurred from backwater macrohabitats or pool
mesohabitats.
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(a)

(b)

Figure 2-8. Variables found to have the strongest relationship with Sturgeon Chub presence at
the mesohabitat scale from logistic regression analyses of the (a) White and Little White Rivers
and (b) Cheyenne River. The probability of Sturgeon Chub presence in a mesohabitat was
predicted for each variable by holding all over variables included in the model to their means.
The shaded regions represent the 95% confidence intervals of the predictions.
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Table 2-1. Abiotic and biotic variables included in reach-scale analyses with units of
measurement and ranges. Abiotic variables were used in both random forest and nonmetric
multidimensional scaling (NMDS) procedures, except when noted below. Categorical fish
community variables (0 = absent, 1 = present, 2 = abundant or > 10% of catch) were used in
random forest procedures, while a matrix of fish community presences and absences were used
as the response for the NMDS. Reach distance and number of net samples was included to
account for different levels of effort among reaches. Categorical levels for cobble and organic
were 0 = none, 1 = incidental, 2 = dominant, 3 = ubiquitous.
Variable
Abiotic
Reach Distance
Number of Samples
Stream Width
Discharge
Temperature
Turbidity
Conductivity
Dissolved Oxygen
Depth*
Bottom Velocity*
Sand
Gravel
Silt*
Compacted*
Cobble
Organic
Biotic
Flathead Chub
Hybognathus spp.
Longnose Dace
Red Shiner
Channel Catfish
Sauger
Micropterus spp.

Unit

Range

m
n
m
cfs
°C
NTU
µS/cm
mg/L
m
m/s
%
%
%
%
0/1/2/3/4
0/1/2/3/4

442 - 1400
6 - 13
4 - 86
8 - 507
18 - 31
21 - 1100
269 - 2465
4 - 12
0.16 - 0.71
0.05 - 0.36
8 - 96
3 - 63
1 – 65
0 - 28
0-3
0-1

0/1/2
0/1/2
0/1/2
0/1/2
0/1/2
0/1/2
0/1/2

0-2
0-2
0-2
0-2
1-2
0-1
0-2

* Variables excluded from random forest procedures due to multicollinearity
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Table 2-2. Species codes and common names for nonmetric multidimensional scaling (NMDS)
species ordination.
Species Code
BMBF
BKBH
BKCP
BLGL
CNCF
CARP
CKCB
ERSN
FHMW
FHCB
FWDM
GDEY
GNSF
HBNS
LMBS
LNDC
NTPK
PKLF
PTMW
RDSN
RVCS
RKBS
SNSN
SGER
SHRH
SNGR
SMBS
SMBF
STCT
WLYE
WTBS
WTSK
YLBH
YWPH

Common Name
Bigmouth Buffalo
Black Bullhead
Black Crappie
Bluegill
Channel Catfish
Common Carp
Creek Chub
Emerald Shiner
Fathead Minnow
Flathead Chub
Freshwater Drum
Goldeye
Green Sunfish
Hybognathus spp.
Largemouth Bass
Longnose Dace
Northern Pike
Plains Killifish
Plains Topminnow
Red Shiner
River Carpsucker
Rock Bass
Sand Shiner
Sauger
Shorthead Redhorse
Shortnose Gar
Smallmouth Bass
Smallmouth Buffalo
Stonecat
Walleye
White Bass
White Sucker
Yellow Bullhead
Yellow Perch
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Table 2-3. Means, standard deviations, and ranges of measured habitat variables of Sturgeon
Chub present net samples from the Cheyenne, White, and Little White rivers.

Variables
Stream Width (m)
Range
Mean Discharge (cfs)
Range
Mean Temperature (°C)
Range
Mean Turbidity (NTU)
Range
Mean Conductivity (µS/cm)
Range
Mean Dissolved Oxygen (mg/L)
Range
Mean Depth (m)
Range
Mean Bottom Velocity (mps)
Range
Substrate
Mean Silt (%)
Range
Mean Sand (%)
Range
Mean Gravel (%)
Range
Mean Compacted (%)
Range
Mode Cobble
Range
Mode Organic
Range

Cheyenne River
38 (22 SD)
9-86
267 (50 SD)
207-394
25.81 (1.83 SD)
18.90-29.10
267 (189 SD)
24-800
1994 (123 SD)
1390-2250
8.56 (0.38 SD)
8.23-11.24
0.49 (0.19 SD)
0.16-0.92
0.32 (0.10 SD)
0.15-0.62

White River
43 (23 SD)
7-83
156 (113 SD)
11-408
26.14 (3.14 SD)
18.20-31.90
840 (320 SD)
167-1100
632 (74 SD)
416-900
8.27 (0.64 SD)
6.79-9.38
0.28 (0.18 SD)
0.06-0.80
0.33 (0.13 SD)
0.10-0.74

Little White River
20 (18 SD)
4 - 59
71 (0 SD)
71-71
28.96 (2.48 SD)
23.50-31.20
92 (13 SD)
76-111
348 (21 SD)
328-394
9.03 (0.38 SD)
8.54-9.70
0.25 (0.08 SD)
0.14-0.48
0.34 (0.09 SD)
0.19-0.59

0 (1 SD)
0-5
40 (23 SD)
0-95
55 (25 SD)
0-90
5 (22 SD)
0-100
1 (Incidental)
0-2
0 (None)
0-1

1 (2 SD)
0-20
43 (26 SD)
0-99
47 (27 SD)
0-95
7 (23 SD)
0-100
0 (None)
0-3
0 (None)
0-1

2 (2 SD)
0-5
56 (23 SD)
25-95
41 (21 SD)
5-75
2 (4 SD)
0-10
0 (None)
0-1
1 (Incidental)
0-1
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Table 2-4. Akaike information criterion (AIC) model selection table for the White River system
(White River and Little White River). The top four models were averaged.
Model
velocity + gravel
velocity + gravel + depth
velocity + gravel + sand
velocity + gravel + depth + sand
velocity + sand
velocity
velocity + depth + sand
velocity + depth
depth + gravel
depth + gravel + sand
gravel
depth
depth + sand
gravel + sand
sand

AIC
k
195.1777
196.0901
196.3935
197.4631
202.9093
204.1245
204.7352
205.9330
224.9228
226.8330
228.1971
251.5970
251.9146
230.0161
251.9989

deltas
4
5
5
6
4
3
5
4
4
5
3
3
4
4
3

0
0.912434
1.215826
2.285384
7.731609
8.946763
9.557527
10.75529
29.74505
31.65526
33.01939
56.41926
56.73688
34.83837
56.82121

weights
0.393313
0.249233
0.214154
0.125451
0.008238
0.004487
0.003306
0.001817
1.37E-07
5.26E-08
2.66E-08
2.21E-13
1.88E-13
1.07E-08
1.80E-13

cumw
0.393313
0.642547
0.856700
0.982151
0.990390
0.994877
0.998183
1
1
1
1
1
1
1
1
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Table 2-5. Akaike information criterion (AIC) model selection table for the Cheyenne River.
The top nine models were averaged.
Model
depth + gravel
velocity + gravel + depth
depth + gravel +sand
velocity + gravel + depth + sand
velocity + depth
depth
velocity + gravel
velocity + depth + sand
velocity
depth + sand
velocity + gravel + sand
gravel
velocity + sand
gravel + sand
sand

AIC
k
104.1557
104.2794
105.3888
106.2214
106.5294
107.3169
107.8786
108.4741
109.0130
109.0599
109.8768
110.6426
110.9071
111.7409
114.0522

deltas
4
5
5
6
4
3
4
5
3
4
5
3
4
4
3

0
0.123706
1.233088
2.065644
2.373678
3.161169
3.722845
4.318361
4.857275
4.904177
5.721099
6.486870
6.751358
7.585202
9.896462

weights
0.25303
0.237853
0.136587
0.090079
0.077221
0.052087
0.039334
0.029205
0.022306
0.021789
0.014483
0.009876
0.008652
0.005703
0.001795

cumw
0.253030
0.490883
0.627470
0.717549
0.794770
0.846857
0.886191
0.915396
0.937702
0.959491
0.973974
0.983850
0.992502
0.998205
1
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CHAPTER 3
BENTHIC FISH ASSEMBLAGE STRUCTURE IN FIVE WESTERN-SLOPE TRIBUTARIES
OF THE MISSOURI RIVER IN SOUTH DAKOTA

ABSTRACT
Fish assemblages of Great Plains rivers are primarily structured according to disturbance
regimes (i.e., floods, drought) that constitute harsh environmental conditions. Water
development practices throughout the region have threatened large-river, benthic fishes and
caused fish assemblage shifts. We described and compared patterns of fish assemblage structure
in relation to environmental variables within rivers for the region of western South Dakota. On
average, species richness was lowest in the White River (mean = 7), where extreme
environmental conditions likely limit species diversity and nonnative species establishment.
Longitudinal patterns of assemblage structure were observed in the White, Cheyenne, and Little
White rivers due to natural and anthropogenic changes in habitat conditions. Gradual changes in
habitat corresponded with species additions, while species replacement occurred in response to
abrupt changes in habitat, such as impoundments or rapid changes to river geomorphology.
Large-river fishes dominated middle to lower segments of rivers, which contained greater stream
widths, flows, and turbidity levels. Fish typical of smaller rivers or creeks were more prevalent in
upper to middle areas that were smaller and had higher conductivity and dissolved oxygen levels.
Nonnative species or generalist species that thrive in degraded waters were found in areas below
dams and where channel incision was greatest. We identified potential factors influencing the
current organization of fish assemblages in western South Dakota rivers which could help direct
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conservation efforts for species that can no longer inhabit much of the Missouri River in the
state.

INTRODUCTION
Knowledge of how fish assemblages organize in relation to spatial and environmental
influences is important for the conservation and management of freshwater ecosystems (Bond
and Lake 2003; Rice 2005; Sindt et al. 2012; Beard et al. 2018), which have experienced
substantial declines in biodiversity across North America (Jelks et al. 2008; Walsh et al 2011;
Dudgeon 2019). Fish assemblage structure in lotic systems can vary on multiple spatial scales
where abiotic factors are important structuring mechanisms (Fischer and Paukert 2008). Regional
influences such as geology and climate can be determinants of species distributions and delineate
assemblages geographically (Marsh-Matthews and Matthews 2000; Torgersen et al. 2006;
Stewart et al. 2016), while instream habitat can structure fish assemblages locally (Schlosser
1982; Quist and Guy 2001; Fischer and Paukert 2008).
Fish assemblages of Great Plains rivers are primarily structured according to disturbance
regimes that lead to harsh environmental conditions, such as flashy discharge, extreme
temperatures, and high turbidities (Ostrand and Wilde 2002; Hoagstrom 2006; Jones 2018).
Species richness is often low in these rivers (Horwitz 1978; Matthews 1988; Poff and Ward
1989; Fryda 2001), and native fishes of the region evolved to persist in a balance between
recolonization and extinction as a product of their stochastic environment (Duehr 2004; Jones
2018). Many of these fish species make long distance movements in response to floods and
drought (Dodds et al. 2004) or possess life history strategies to aid in their dispersal and account
for hydrological variability (Durham and Wilde 2006; Worthington et al. 2014). Native fish
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assemblages of Great Plains rivers are linked to the connectivity of the stream network, making
them particularly vulnerable to anthropogenic changes to their environmental template (Dodds et
al. 2004; Stewart et al. 2016).
In Great Plains rivers, various water development practices such as dam construction,
channelization, and irrigation diversions have threatened native fishes and caused fish
assemblage shifts (Pegg and Pierce 2002; Deiterman and Galat 2004; Perkin and Gido 2011;
Costigan and Daniels 2012). Impoundments are known to fragment habitat, alter flow regimes,
degrade physical and chemical river conditions of downstream reaches, and introduce (directly
and indirectly) nonnative species (Hesse et al. 1993; Bonner and Wilde 2000; Pegg and Pierce
2002; Pegg et al. 2003; Quist et al. 2005). Impoundments can also change dynamic floodplain
rivers into relatively simple and stable systems (Friedman et al. 1998; Pegg and Pierce 2002) by
dampening the environmental variability that characterizes rivers of the region. Modifications
have been extensive to large rivers, particularly the Missouri River, which may have the most
altered hydrological regime of all Great Plains rivers (Costigan and Daniels 2012). For example,
one-third of the Missouri River’s lotic habitat has been converted into lentic reservoirs (Galat et
al. 2005), where fluvial species have declined or have been replaced by several nonnative sightfeeding piscivores (Radigan and Fincel 2020).
The Missouri River and its biota in South Dakota have been particularly impacted, as
four out of the six mainstem dams reside within its state borders. However, tributaries draining
into the Missouri River from western South Dakota are less impacted by anthropogenic
modifications and may act as refugia for many native species considered rare or extirpated from
the mainstem Missouri River in the state. These species include Flathead Chub Platygobio
gracilis, Plains Minnow Hybognathus placitus, Western Silvery Minnow Hybognathus argyritis,
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and Sturgeon Chub Macrhybopsis gelida (Fryda 2001; Hoagstrom 2006; Jones 2018). These
species belong to a reproductive guild of pelagic broadcast spawning minnows that are
disappearing from Great Plains rivers due to threats associated with altered hydrology and
fragmentation (Perkin and Gido 2011). Tributaries west of the Missouri River in South Dakota
are either entirely undammed or possess long lengths of continuous riverine habitat, maintaining
the predictable environmental variability required for the proliferation of native fish
assemblages. However, disconnection from historical fluvial habitat on the mainstem Missouri
River has resulted in localized declines or extirpations of some native, large-river fishes (Kelsch
et al. 1994; Hoagstrom et al. 2006; Perkin and Gido 2011) and continues to threaten current
populations that originally relied upon connected riverscapes.
Changes to abiotic and biotic conditions have also been observed in localized areas of
impounded western South Dakota rivers (Hoagstrom et al. 2007; Jones 2018). These changes
could restructure fish communities locally to regionally. Specifically, longitudinal structuring of
fish assemblages often occurs in relation to changes in geomorphology or habitat along stream
gradients. Dams and other modifications to a river create an immediate and abrupt change in
physical and chemical habitat conditions (Hughes and Gammon 1987; Rahel and Hubert 1991;
Pegg and McClelland 2004; Torgersen et al. 2006; Eitzmann and Paukert 2009; Beard et al.
2018). The magnitude of change can determine if species will be added (i.e., species addition or
nestedness) or replaced (i.e., species replacement or spatial turnover) along the river gradient
(Hoagstrom et al. 2006; Baselga, 2010; Zbinden and Matthews 2017). Hoagstrom et al. (2006)
hypothesized that gradual changes of habitat in western Missouri River tributaries of South
Dakota, such as downstream increases in river size, would correspond to species addition, but
found that species replacement occurred in response to abrupt habitat changes created by
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impoundments that favored nonnative species. The recovery of more natural environmental
conditions in downstream areas has been proposed to limit nonnative species in these rivers
(Hoagstrom et al. 2006; Jones 2018); however, species distributions can change over time.
Great Plains rivers exhibit high degrees of spatiotemporal variability in their
environmental conditions and biotic compositions, establishing the need for frequent ecological
assessments. Contemporary studies (i.e., after 2000) documenting fish assemblages of these
rivers are lacking (Fryda 2001; Hoagstrom 2006; Jones 2018). Furthermore, the environmental
drivers of assemblage structures in these rivers have been minimally quantified. The goal of this
project was to update the distribution and abundance of benthic fishes of western Missouri River
tributaries of South Dakota. Our objectives were to: 1) describe and compare fish assemblages
within rivers and assess longitudinal structuring patterns in relation to environmental variables,
and 2) identify and describe regional patterns of fish assemblage structure. Knowledge of the
factors influencing the current state and organization of fish assemblages of these rivers could
help direct conservation efforts for species that can no longer inhabit much of the Missouri River
in the state.

METHODS
Study Area
This study was conducted in five western-slope, Missouri River tributaries in South
Dakota: the Little Missouri, Grand, Cheyenne, White, and Little White rivers. These rivers
represent four distinct drainages that comprise multiple ecoregions of South Dakota, each having
its own unique geologic attributes that contribute to the variation in stream characteristics
exhibited by these rivers (Hoagstrom 2006; Jones 2018).Western Missouri River tributaries of
South Dakota are characterized by the Great Plains region that they reside in, where cycling of
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extreme environmental conditions (e.g., floods, drought) has historically shaped their
hydrographs (Dodds et al. 2004). The White River is undammed, the Little Missouri River
possesses a small earthen dam near its headwaters in Wyoming, large impoundments exist in
upper areas of the Grand and Cheyenne rivers, and the Little White River has a small
impoundment near its headwaters and a small hydroelectric power dam in its lower portion. The
Little White River meets its confluence with the White River, while the remaining rivers all have
confluences with the regulated Missouri River
Fishes and habitat characteristics were sampled from a total of 90 1-km river reaches
comprised of the Little Missouri (n = 10), Grand (n = 14), Cheyenne (n = 24), White (n = 28),
and Little White (n = 14) rivers during July to August, 2020 and May through August, 2021
(Figure 2-1). The number of reaches were proportionally allocated to each river by its extent
(river km) in South Dakota. Reaches were stratified by river and semi-randomly selected, based
on accessibility (i.e. bridges, roads, two tracks close to river permitted by private landowners).
Data Collection
A summary of fish and habitat data collection methods is provided here, but see Chapter
2 for full details. Standardized protocols developed by the Pallid Sturgeon Population
Assessment Team (Welker and Drobish 2016) were largely followed to collect fish and habitat
data. We actively used seines, trawls, and trammel nets to target benthic fish species within 1 km
river reaches and matched our sampling approach to stream conditions to collect a representative
sample of the habitats available within each reach. Time, GPS coordinates, reach length, and
number of net samples (6 sample minimum) were recorded for each reach. Additional variables
recorded for each reach included discharge (nearest USGS gage) and mean wetted stream width
(m; Google Earth Pro).
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Net samples were delineated by designated macro- and mesohabitat types and pulled for
the full length of a given mesohabitat or up to 100 m. Sample area in m2 was recorded for each
net sample to quantify effort. Stream habitat variables were measured at the midpoint of each net
sample location, which included depth (m), velocity (m/s), substrate (percent sand, silt, gravel,
and compacted composition; categorical cobble and organic matter), temperature (°C), dissolved
oxygen (mg/L), turbidity (NTU), and conductivity (μS). All fishes captured were identified and
enumerated. Length (measured to the nearest mm) for all fish species was recorded, along with
weight (g) for individuals ≥ 250 mm.
Data Analysis
All fishes captured from net samples were used to calculate percent of total catch for each
species within each river to allow comparison to previous assessments (Fryda 2001; Hoagstrom
2006; Jones 2018). Species richness was calculated as the number of species captured within a
reach and was calculated separately for native and nonnative species. Nonnative species included
species that were not native to the study area described by Hoagstrom (2006).
Fish and habitat data were compiled within reaches to allow analyses to be conducted on
two scales. Both scales used reach-level data; however, rivers were analyzed both individually
and cohesively as a region. The smaller scale will be hereafter referred to as the river scale,
where we analyzed longitudinal structuring patterns within rivers. We also assessed large-scale
assemblage structuring patterns by compiling data from all rivers, hereafter referred to as the
regional scale. Measured habitat variables were averaged by reach and mesohabitat type. These
averages were calculated to give equal weight to each mesohabitat type and account for sample
differences among reaches. Catch per unit effort (CPUE) was calculated for each species within
each net sample as fish per m2 for all gears and was averaged by reach to create a standardized
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index of abundance. All gear CPUE data were averaged to calculate reach CPUE for large
bodied species (adult total length > 250 mm), while only seines and trawls were used for small
bodied species (adult total length < 250 mm).
Multivariate procedures were used to compare fish assemblage structure between and
within rivers using reach CPUE data to understand how species are organized and distributed
within rivers and for the region. A Hellinger transformation was applied to the CPUE data,
which takes the square root of the proportional abundance data (Rao 1995). Hellinger distance
has good statistical properties as assessed by the criteria of R2 and monotonicity and reduces the
weights of rare species (Legendre and Gallagher 2001). It is defined as:

𝑌′𝑖𝑗 = √

𝑌𝑖𝑗
𝑌𝑖+

where Y’ is Hellinger transformed CPUE, Y is CPUE, i indexes the reach, j the species, and i+ is
the row sum for the ith sample. Bray-Curtis dissimilarities were calculated for each reach using
the Hellinger transformed CPUE data to compare assemblage structure within and among rivers.
Nonmetric multidimensional scaling (NMDS) was used to visualize assemblage data to
assess spatial and habitat structuring mechanisms within each river, or on the river scale. BrayCurtis distances were used to form the NMDS plots, which were evaluated by their stress value,
with a value ≤ 0.20 indicative of a good fit (McCune and Grace 2002; Beard et al. 2018).
Influences of habitat variables to the organization of the ordination were assessed to evaluate
physical drivers of assemblage structure. Multiple regression of z-score scaled habitat variables
(Table 1) and ordination axes were conducted. A Bonferroni correction was used to account for
multiple comparisons (Beard et al. 2018) and significant variables were projected as vectors onto
the ordination space.
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We also assessed regional patterns of assemblage structure among all rivers, or on the
regional scale. Hierarchical cluster analysis was used to identify regional assemblage groups.
Bray-Curtis distances and Ward's minimum variance method was used to form clusters. The
optimum number of clusters to interpret were determined by silhouette width plots (Rousseeuw
1987), which display the difference between intra-cluster similarity and similarity with the next
closest cluster based on the number of clusters selected for interpretation (Miller et al. 2014).
Permutational multivariate analysis of variance (PERMANOVA) tests and Pairwise
PERMANOVA tests were conducted to evaluate statistical significance of the differences
between identified assemblage groups. Pairwise PERMANOVA tests were conducted using a
Bonferroni correction for the multiple comparisons. Clusters were then visualized with NMDS
by projecting the ellipsoids (80% confidence of the standard deviation) of the clusters onto the
ordinations to evaluate species contributions to each group. Habitat variables were again
evaluated on the regional scale and significant variables were projected as vectors onto the
ordination space. All statistical analyses were conducted in program R (version 4.1.3) using the
vegan (Oksanen et al. 2022), cluster (Maechler et al. 2021), and RVAideMemoire (Herv ́e, 2018)
packages.

RESULTS
We captured 17,882 individuals from 12 families and 41 species (10 nonnatives) from all
rivers sampled. Seining captured 7,909 individuals of 35 species; trawling captured 8,891
individuals of 33 species; and trammel netting captured 1,082 fishes of 16 species. Leuciscidae
(formerly Cyprinidae; 71%), Ictaluridae (16%), and Catostomidae (7%) represented 94% of the
total catch and native species comprised 98% of the total catch. Channel Catfish Ictalurus
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punctatus was the only species present among all sampled reaches. On average, native species
richness was highest in the Little Missouri River and lowest in the White River, while nonnative
species richness was highest in the Grand River and lowest in the White River (Figure 3-2).
River Scale Assessment
A total of 4,230 fishes from 8 families and 16 species (2 nonnative) were captured from
the Little Missouri River. The most abundant species (> 4% of catch) were Sand Shiner Notropis
stramineus (58%), Fathead Minnow Pimephales promelas (9%), White Sucker Catostomus
commersonii (9%), and Longnose Dace Rhinichthys cataractae (7%; Figure 3-3). Channel
Catfish, Flathead Chub, Longnose Dace, Shorthead Redhorse Moxostoma macrolepidotum, Sand
Shiner, and Goldeye Hiodon alosoides were present at all reaches sampled. The NMDS stress for
this river was 0.06 with 2 dimensions (Figure 3-4). No spatial patterns were observed from
examining the NMDS visualization. Percent sand influenced the structure of the ordination
(Bonferroni corrected alpha value of P < 0.004).
The Grand River catch consisted of 2,490 individuals from 11 families and 28 species (7
nonnative). Sand Shiner (44%), Flathead Chub (18%), River Carpsucker Carpiodes carpio
(11%), and Channel Catfish (7%) were the most abundant species (> 4% of catch; Figure 3-3).
One reach that was less than 1 river km below Shadehill Dam was removed for the river’s
NMDS ordination to converge (stress = 0.14, 2 dimensions; Figure 3-4) due to lower overall fish
abundances and higher prevalence of nonnative species such as Smallmouth Bass Micropterus
dolomieu and Northern Pike Esox lucius. Northern Pike was unique to this reach and it was the
only reach from which Flathead Chub and Sand Shiner were absent. No spatial patterns were
observed in this river and no habitat variables significantly influenced the structure of the
ordination.
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We captured 3,369 individuals from 11 families and 30 species (6 nonnative) in the
Cheyenne River. The dominant taxa (> 4% of catch) were Flathead Chub (28%), Channel Catfish
(18%), Sand Shiner (13%), Shorthead Redhorse (5%), Hybognathus spp. (4%), and Plains
Killifish Fundulus zebrinus (4%; Figure 3-3). The NMDS ordination for this river contained a
stress value of 0.13 on 2 dimensions (Figure 3-5). Spatial patterns were observed on the
Cheyenne River, particularly in relation to Angostura Dam, where separation was observed
between above dam reaches, reaches within 100 river km downstream of the dam, and the
remaining middle to lower river reaches. Plains killifish was the predominant species above the
dam and Creek Chub was unique to these reaches. Hybognathus spp., Flathead Chub, and
Longnose Dace were prevalent in above dam and lower river reaches but were absent or were
rare from reaches within 100 river km of the dam. Red Shiner, sand shiner Cyprinella lutrensis,
shorthead redhorse, and smallmouth bass characterized the below dam reaches, where, on
average, we saw lower native species diversity and abundances. Smallmouth Bass, Black
Crappie Pomoxis nigromaculatus, Bluegill Lepomis macrochirus, Rockbass Ambloplites
rupestris, Black Bullhead Ameiurus melas, and Plains Topminnow Fundulus sciadicus were
unique to below dam reaches. Flathead Chub and Channel catfish dominated the lower river,
where species such as Sturgeon Chub, Emerald Shiner Notropis atherinoides, White Bass
Morone chrysops, Freshwater Drum, and Shortnose Gar Lepisosteus platostomus were added to
the fish community. Physical variables significantly influencing the structure of the ordination
(Bonferroni corrected alpha value of P < 0.004) included stream width, discharge, and velocity,
all of which were highest in the lower river.
In the White River, 5,239 individuals from 7 families and 23 species (2 nonnative) were
captured, with the most abundant taxa (> 4% of catch) consisting of Flathead Chub (40%),
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Channel Catfish (26%), Hybognathus spp. (13%), Red Shiner (9%), and Sturgeon Chub (6%;
Figure 3-3). The river’s NMDS reached a stress value of 0.08 on 2 dimensions and revealed clear
spatial separation between assemblages of the upper and lower river (Figure 3-6). Red Shiner
dominated the upper river, while Flathead Chub, Channel Catfish, Hybognathus spp., and
Sturgeon Chub were the most abundant species of the lower river. Shorthead Redhorse and
Walleye Sander vitreus were unique to upper reaches, while Bluegill, Common Carp Cyprinus
carpio, Longnose Dace, Sturgeon Chub, Yellow Bullhead Ameiurus natalis, Sauger Sander
canadensis, Bigmouth Buffalo Ictiobus cyprinellus, and Smallmouth Buffalo Ictiobus bubalus
were present only in the lower river. Abiotic variables of stream width, percent sand, silt and
gravel, depth, turbidity, and velocity were significant to the structure of the ordination
(Bonferroni corrected alpha value of P < 0.004). The lower river contained higher stream widths,
turbidity levels, bottom velocities, and higher proportions of sand substrates relative to the upper
river, which contained greater depths and higher proportions of gravel and silt substrates.
We captured 2,554 individuals from 8 families and 24 species (6 nonnative) in the Little
White River. Dominant taxa (> 4% of catch) included Hybognathus spp. (26%), Sand Shiner
(25%), Channel Catfish (14%), Flathead Chub (12%), Longnose Dace (6%), and Red Shiner
(5%; Figure 3-3). The NMDS for this river (stress = 0.11, 2 dimensions) showed that the lower 3
reaches of the river were distinct from all other reaches (Figure 3-7). These reaches contained the
highest abundances of Hybognathus spp. and Sturgeon Chub that we observed throughout the
study; however, these species were absent from the remainder of the river. Goldeye, River
Carpsucker, and Sauger were also unique to the lower river, while Black Crappie, Bluegill,
Yellow Perch Perca flavescens, Northern Pike, Black Bullhead, Green Sunfish Lepomis
cyanellus, and White Sucker were unique to the upper river. Stream width significantly
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influenced the structure of the ordination (Bonferroni corrected alpha value of P < 0.004) with
lower reaches having greater stream widths.
Regional Scale Assessment
Cluster analysis indicated three regional assemblage groups (Figure 3-8). Groups were
primarily formed by the spatial structuring of reaches within rivers, however, this criterion was
not absolute. We interpreted the first group as fish assemblages located in the middle to lower
reaches of each river, the second group as similar assemblages within the upper to middle
reaches of each river, and the third groups as fish assemblages associated with predominantly
altered habitats (i.e., downstream of dams, incised channels, etc.; Figure 3-9). The first group
was the largest and displayed the strongest spatial patterns as it consisted of the lower
consecutive reaches of the Grand River (n = 2), Cheyenne River (n = 14), White River (n = 23),
and Little White River (n = 3), along with three additional Grand River reaches that did not
display a clear spatial pattern. The second group contained the majority of the Little Missouri
reaches (n=9), the upper-middle Grand River (n = 7) and Little White River (n = 5) and, and the
upper Cheyenne River above Angostura Dam (n = 4). The third group contained altered or
degraded reaches from the Grand (n = 1), Cheyenne (n = 6), White (n = 5), and Little White (n =
4) rivers and one additional Little Missouri River reach. These groups were validated by a
PERMANOVA test (P < 0.01, R2 = 0.33), including pairwise comparisons (Bonferroni corrected
alpha of P < 0.01 for all comparisons), suggesting that there are distinct differences in fish
assemblage structure between the groups. The homogeneity of variance assumption was not met
during these tests, which can lead to increased type 1 error rate; however, visual separation of
confidence ellipsoids can be seen within the NMDS ordination space (stress = 0.17, 2
dimensions; Figure 3-10). Examining confidence ellipsoids showed that species contributions to
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the distinction of the middle-lower group included higher relative abundances of Flathead Chub,
Emerald Shiner, Sturgeon Chub, Hybognathus spp., and Sauger. Many species were associated
with upper-middle reaches, with the most distinct being Sand Shiner, Fathead Minnow,
Longnose Dace, Creek Chub, Green Sunfish, and Black Bullhead. Degraded river reaches were
characterized by higher relative abundances of Red Shiner, Shorthead Redhorse, White Sucker,
Stonecat, Smallmouth Bass, and Goldeye.
Abiotic variables of stream width, turbidity, discharge, depth, percent sand, percent silt,
conductivity, DO, and bottom velocity were correlated (Bonferroni corrected alpha value of P <
0.004) to the species abundance ordination where wider stream widths and higher levels of
turbidity, discharge, bottom velocity, and sand characterized the middle-lower river group. The
middle-upper group contained elevated conductivity and DO levels, while higher depths and silty
substrates were associated with the degraded group.

DISCUSSION
Tributaries on the western side of the Missouri River in South Dakota continue to be
areas of refuge for native fishes that are imperiled by alterations to the mainstem Missouri River.
Species composition and relative abundances of benthic fishes found during this study align with
recent assessments, as we found native leuciscids, ictalurids, and catostomids to dominate these
rivers as did Fryda (2001), Hoagstrom (2006), and Jones (2018). The continued prevalence of
sensitive, native species in these rivers, such as Flathead Chub, Hybognathus spp., and Sturgeon
Chub, suggests riverine processes vital to fishes that evolved to stochastic rivers are still
occurring. We found this to be the most evident in the White River, where extreme levels of
turbidity and frequent fluctuations in discharge due to lack of flow regulation limited species
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diversity and nonnative species establishments, facilitating the dominance by pelagic broadcast
spawning minnows in most of the river. In contrast, the relatively unaltered hydrograph but less
turbid conditions of the Little Missouri River likely contributed to the high average native
species richness that we observed. Greater variation in native and nonnative species richness in
the Grand, Cheyenne, and Little White Rivers are likely a result of habitat alterations and species
introductions associated with impoundments on these rivers.
Spatial structuring patterns of fish assemblages were apparent in multiple rivers which
corresponded to longitudinal change of river geomorphology, a sentiment that has been well
documented in riverine ecology (Hughes and Gammon 1987; Rahel and Hubert 1991; Pegg and
McClelland 2004; Torgersen et al. 2006; Eitzmann and Paukert 2009; Beard et al. 2018). We
observed both the addition and replacement of species along river gradients to occur in relation
to the degree of habitat change. Gradual increases of stream width or river size corresponded
with downstream species additions in most rivers, likely due to increases in habitat complexity
(Gorman and Karr 1978; Hoagstrom 2006). However, species were replaced in the Cheyenne
River in relation to abrupt habitat changes at Angostura Dam and in the White and Little White
rivers, which exhibited substantial upstream-downstream disparity in river size and instream
conditions. The Grand River did not have the shift in habitat gradient we observed in the other
rivers suggesting other factors may be in play (e.g., inter and intra-specific competition,
predator-prey dynamics, etc.). The Little Missouri River also showed no habitat gradient but was
likely an instance where our sample area was less than 1% of the entirety of the river.
Compiling data from all rivers revealed larger scale structuring patterns of the region,
indicated by the distinct assemblage groups that we found. The middle-lower river group of our
regional assessment had levels of habitat complexity characteristic to large, Great Plains rivers -
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frequently exposed sand and gravel bars, both well-defined thalwegs and braided or tree-like
channel patterns, side channels, riffle-run-pool complexes, and a variety of depths. These
patterns were more pronounced in the Cheyenne, White, and Little White rivers relative to the
Grand River reaches. Greater observed habitat sizes and complexities combined with wider
stream widths, higher flows, extreme turbidity levels, and sand dominated substrates facilitated
the high abundances of native fish species specialized for such conditions, including Flathead
Chub, Hybognathus spp., and Sturgeon Chub (Moore 1950; Davis and Miller 1967; Stewart
1981; Everett 2004; Welker and Scarnecchia 2004).
The upper-middle group of our regional assessment contained segments of rivers that
were smaller in size likely providing relatively lower levels of habitat complexity. The primary
physical distinctions between the upper-middle group and the middle-lower group included
lower stream widths, smaller habitat sizes, less frequent exposed sand bar habitat, more frequent
riffle-run-pool complexes, and lower turbidity levels. Species typical of mid-sized rivers
contributed to upper-middle assemblage group, including Sand Shiner, Longnose Dace, Fathead
Minnow, Green Sunfish, and Black Bullhead. Lower turbidity levels may explain why Sand
Shiner dominated this group, which are less tolerant to extreme turbidity (Bonner and Wilde
2002; Jones 2018). Reductions in turbidity are usually accompanied by increases in specific
conductance, which we found to be an indicator of this assemblage group. Conductivity has been
shown to structure fish assemblages and influence species distributions in Great Plains rivers
(Fischer and Paukert 2008).
High native species diversity and abundances within both upper-middle and middle-lower
assemblage groups contrast that of the third assemblage group that we found, which likely
pertains to its association with degraded habitats. Fish diversity and abundance often declines as
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a result of channel incision, which lessens habitat quality by altering channel form and flow and
decreasing floodplain connection (Rowe et al. 2009). Smaller streams of the Great Plains are
typically well incised as a response to disturbance regimes related to hydrologic variability
(Taylor et al. 1996; Simon and Rinaldi 2006). Both the upper White River and upper Little White
River contained highly incised channels with frequent deep and slow-moving pool habitat, high
canopy cover, silty substrates, and low habitat complexity. Habitat generalist species that are
known to thrive in degraded habitats, such as Red Shiner (DeVivo 1995) and Channel Catfish
(Braun and Phelps 2016), dominated these reaches. Land use changes related to agricultural
practices, such as livestock grazing and row crop conversion can also increase the degree of
channel incision by increasing peak flows or reducing sediment supply (Galay 1983; Belsky et
al. 1999; Shields, Jr. et al. 2009). These practices have been identified as disturbances in the
White River basin (SDDENR 2007); however, no formal investigation has evaluated their
contributions to channel incision. The Little White River Project Dam could also be contributing
to the magnitude of channel incision in the upper Little White River, as incised channels are
often a result of dam construction and operation (Shields, Jr. et al. 1994).
Fish assemblages downstream of impoundments were different than unimpounded
reaches. The most profound impacts were seen immediately below dams on the Grand and
Cheyenne rivers, where habitat alterations were substantial and nonnative species were
prevalent. These reaches contained a clear and confined channel with large boulders and deep,
slow-moving habitat primarily occupied by nonnative piscivores. Dam effects may be more
extended on the Cheyenne River, as the diversity and abundance of native fishes remained low
for approximately 100 river km below Angostura Dam. Based on findings by Hampton and
Berry (1997) and Duehr (2004), Hoagstrom et al. (2007) proposed that Angostura Dam
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particularly impacts downstream hydrologic and geomorphological conditions for approximately
70 river-km. Habitat, flow alterations, and fluctuations in climate have likely caused the fish
assemblage shift of this segment from its historical dominance by riverine species such as
Flathead Chub and Hybognathus spp., to species typical of smaller streams, including Red Shiner
and Sand Shiner (Hoagstrom et al. 2007). Smallmouth Bass have also established throughout this
segment and could be impacting native species by means of predation, but their influence likely
varies temporally as their recruitment is dependent on discharge (Smith et al. 2005; Hoagstrom et
al. 2007). The return of native, riverine fish assemblages below this segment suggests that the
river recovers from its dam impacts after major tributary contributions (Hoagstrom et al. 2007;
Jones 2018).
Large scale alteration to the mainstem Missouri River has created a unique ecological
ratchet (Perkin et al. 2015) that limits many large-river species to isolated tributaries of the basin.
Western Missouri River tributaries of South Dakota contain unique fish assemblages, some of
which contain species compositions characteristic to that of the pre-developed Missouri River
(Hesse et al. 1993). Total native species losses have been limited; however, species expansions
and introductions of nonnative species have suggested a slow trend of biotic homogenization
(Rahel 2000; Hoagstrom 2006; Jones 2018), a threat often associated with fragmentation and
altered flows in Great Plains rivers (Perkin et al. 2015). Impoundments in the Grand, Cheyenne,
and Little White rivers may exacerbate this trend and influence assemblage structures in upper
areas of these rivers. Yet, flashy discharge regimes and long segments of continuous riverine
habitat below dams facilitate harsh environmental conditions in lower areas that are beneficial to
native, large-river fishes of the Great Plains (Dodds et al. 2014; Perkin et al. 2015). High
abundances of pelagic broadcast spawning minnows in the White River that extended up to 562
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river km from its mouth emphasizes the importance of unregulated, continuous, and connected
habitat to this threatened reproductive guild (Perkin and Gido 2011).
We identified areas where native, benthic fishes still persist and could benefit from
focused management to protect and conserve the assemblage, such as most of the White River
and in lower portions of the Cheyenne and Little White rivers. However, our results only
represent a snapshot in time; yet, Great Plains rivers are dynamic and exhibit high degrees of
temporal variability (Dodds et al. 2014). Moreover, the discontinuity of historical fluvial habitat
in the mainstem Missouri River remains a concern for native fishes found in these tributaries, as
mainstem rivers often serve as population sources, dispersal corridors, or areas of refuge during
adverse conditions (Kelsch 1994; Hoagstrom et al. 2007; Pracheil et al. 2013). The elimination
of recolonization potential from mainstem sources constrains species with life history strategies
most suitable for continuous river systems and may become a greater issue in these tributaries
during the projected warmer and drier climatic conditions of the future (Milly et al. 2005; Perkin
et al. 2015).
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Figure 3-1. Map of study area and sample reaches (Little Missouri River = 10, Grand River = 14,
Cheyenne River = 24, White River = 28, and Little White River = 14).
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Figure 3-2. Reach native and nonnative species richness by river (LM = Little Missouri River,
GR = Grand River, CH = Cheyenne River, WR = White River, LW = Little White River).
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Figure 3-3. Number of individuals of species (see Table 3-1 for species codes) representing
greater than 1% of the catch for each river.

90

Figure 3-4. Nonmetric multidimensional scaling (NMDS) of Little Missouri River (upper) and
Grand River (lower) with associated stress values. Species are black (see Table 3-1 for species
codes), reaches are blue (numbers increase in an upstream direction), and grey vectors are
significant environmental variables to the ordination.
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Figure 3-5. Nonmetric multidimensional scaling (NMDS) of the Cheyenne River with the twodimensional stress value. The upper frame is the reach ordination (numbers increase in an
upstream direction), the middle frame is the species ordination (see Table 3-1 for species codes),
and the bottom frame are environmental factors significant to the ordination plotted as vectors.
Shapes were drawn (unbounded) as visualizations to depict observed spatial patterns. The green
oval highlights above dam reaches and associated species, the orange oval highlights reaches
within 100 km of Angostura Dam and associated species, and the black oval highlights middle to
lower river reaches and associated species.
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Figure 3-6. Nonmetric multidimensional scaling (NMDS) of the White River with the twodimensional stress value. The upper frame is the reach ordination (numbers increase in an
upstream direction), the middle frame is the species ordination (see Table 3-1 for species codes),
and the bottom frame are environmental factors significant to the ordination plotted as vectors.
Shapes were drawn (unbounded) as visualizations to depict observed spatial patterns. The green
oval highlights upper river reaches and associated species and the black oval highlights middle to
lower river reaches and associated species.
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Figure 3-7. Nonmetric multidimensional scaling (NMDS) of the Little White River with the twodimensional stress value. The upper frame is the reach ordination (numbers increase in an
upstream direction), the middle frame is the species ordination (see Table 3-1 for species codes),
and the bottom frame are environmental factors significant to the ordination plotted as vectors.
Shapes were drawn (unbounded) as visualizations to depict observed spatial patterns. The solid
line contains the uppermost reaches sampled. The green oval highlights upper to middle river
reaches and associated species and the black circle oval highlights lower river reaches and
associated species.
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Figure 3-8. Cluster analysis of Hellinger transformed CPUE data from all rivers using BrayCurtis distances. Reaches were delineated into three groups indicated by brackets and labels.
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Figure 3-9. Map of study area with regional assemblage groups identified with cluster analysis
indicated.
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Figure 3-10. Nonmetric multidimensional scaling (NMDS) of all reaches depicting the
assemblage groups found with cluster analysis. The upper frame is the reach ordination with
assemblage groups indicated , the middle frame is the species ordination (see Table 3-1 for
species codes) with 80% standard deviational confidence ellipsoids of assemblage groups, and
the bottom frame are environmental factors significant to ordination plotted as vectors.

97

Table 3-1. Species codes and common names for nonmetric multidimensional scaling (NMDS)
species ordinations. Species designated with an “N” are native to the study area, species labeled
with an “E” are exotic or nonnative to the study area.
Species Code
BMBF
BKBH
BKCP
BLGL
CNCF
CARP
CKCB
ERSN
FHMW
FHCB
FWDM
GDSN
GDEY
GNSF
HBNS
JYDR
LMBS
LNDC
NTPK
OSSF
PKLF
PTMW
RDSN
RVCS
RKBS
SNSN
SGER
SHRH
SNGR
SMBS
SMBF
STSN
STCT
SGCB
WLYE
WTBS
WTSK
YLBH
YWPH

Common Name
Bigmouth Buffalo
Black Bullhead
Black Crappie
Bluegill
Channel Catfish
Common Carp
Creek Chub
Emerald Shiner
Fathead Minnow
Flathead Chub
Freshwater Drum
Golden Shiner
Goldeye
Green Sunfish
Hybognathus spp.
Johnny Darter
Largemouth Bass
Longnose Dace
Northern Pike
Orange Spotted Sunfish
Plains Killifish
Plains Topminnow
Red Shiner
River Carpsucker
Rock Bass
Sand Shiner
Sauger
Shorthead Redhorse
Shortnose Gar
Smallmouth Bass
Smallmouth Buffalo
Spottail Shiner
Stonecat
Sturgeon Chub
Walleye
White Bass
White Sucker
Yellow Bullhead
Yellow Perch

Origin
N
N
E
E
N
E
N
N
N
N
N
N
N
N
N
N
E
N
E
N
N
N
N
N
E
N
N
N
N
E
N
E
N
N
N
E
N
N
E
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CHAPTER 4
CONCLUSIONS, FUTURE RESEARCH, AND MANAGEMENT RECOMMENDATIONS

CHAPTER 2
Conclusions
We found that Sturgeon Chub Macrhybopsis gelida populations persist in the Cheyenne,
White and Little White rivers and found supporting evidence that the species has been extirpated
from the Little Missouri and Grand rivers. We found the largest distribution and abundances of
Sturgeon Chub to be in the unregulated and highly turbid White River, and we suspect that the
high abundances of the species that we observed in the lower Little White River to be a part of
the greater White River population. The majority of Sturgeon Chub in the Cheyenne River were
captured in the lower river below the Bell Fourche River confluence, and their upstream extent
was more variable and was less than what has been historically documented. The distributional
extent and abundances of Sturgeon Chub likely fluctuate temporally in these rivers according to
varying streamflow conditions; however, we found them to be limited to lower areas of these
rivers where stream width, turbidity, and observed habitat complexity were greatest. These
conditions likely facilitated higher abundances of similar species that we found Sturgeon Chub to
be in association with, including Flathead Chub Platygobio gracilis and Hybognathus spp.
(Plains Minnow H. placitus and Western Silvery Minnow H. argyritis). Sturgeon Chub primarily
used main or secondary flowing channels and were predominantly found in or near the thalweg
but used a wider variety of shallower habitats in the White River, presumably due to its higher
turbidity levels. Mesohabitats with greater bottom velocities and higher percentages of gravel in
the substrate were more likely to contain Sturgeon Chub in the White River, while greater depths
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were associated with their presence in the Cheyenne River. Our study will help inform
management decisions regarding the federal listing status of Sturgeon Chub and contribute to the
understanding of its persistence in isolated, tributary rivers that is vital for its conservation.
Future Research
Spatiotemporal changes to populations in relation to environmental stochasticity
Sturgeon Chub belong to a reproductive guild of pelagic broadcast spawning minnows
that possess life history strategies to aid in their dispersal in the face of hydrological variability.
Reproductive success and recruitment likely depend on streamflow conditions and western South
Dakota rivers often experience periods of low or high discharge due to erratic climatic conditions
(Hoagstrom 2006). Population levels of Sturgeon Chub are likely to vary widely in the
Cheyenne, White, and Little White rivers, which provides challenges in interpreting their status
when conducting short-term studies such as ours. Additionally, our study, along with
Cunningham et al. (1995) found discrepancies in the upstream extent of Sturgeon Chub in the
Cheyenne River, suggesting that their distributions may also depend on streamflow conditions. A
long-term study documenting spatiotemporal changes to Sturgeon Chub populations in these
rivers would provide a better understanding of how the species persists in highly variable
environments.
Evaluation of upstream migrations
The spatial patterns of age-0 and age-1+ Sturgeon Chub along river gradients observed
during this study may provide evidence of seasonal movements or dispersals not previously
identified for this species. We found large congregations of spawning adult Sturgeon Chub
(gravid males and females) in upper reaches of the White River and observed their mean length
declines in a downstream direction in the White and Cheyenne Rivers. Similar patterns have
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been observed of other pelagic broadcast spawning minnows that were determined to make
upstream movements in the spring and summer (Bonner 2000). Larval fish are displaced
substantial distances from their spawning location due to extensive drift distances by developing
ichthyofauna (Perkin and Gido 2011; Albers and Wildhaber 2017). Without any upstream
movement, eggs and larvae would inevitably drift into the uninhabitable environments of Lake
Oahe and Lake Francis Case, which would likely lead to population declines and loss of
individuals in upper river reaches (Wildhaber et al. 2012; Albers and Wildhaber 2017).
Confirming upstream migrations of Sturgeon Chub in these rivers and determining their
duration, extent, and timing would fill life-history knowledge gaps and contribute to their
conservation.
Reintroductions
Species reintroductions or population supplementations are a management strategy often
employed to sustain fish populations in decline. Individuals can be translocated or reared in
captivity. Albers and Wildhaber (2017) attempted to spawn Sturgeon Chub in captivity but were
unsuccessful. However, Sicklefin Chub have been successfully spawned in captivity, which
provided valuable insights into the reproductive ecology and early life-history of the species
(Albers and Wildhaber 2017). High abundances of Sturgeon Chub in the White River could
justify their use as a brood stock source or as designated nursery grounds for the species if they
become federally listed. Future research evaluating the feasibility of rearing Sturgeon Chub in
captivity could provide useful if population supplementation or species reintroductions are a
desired management strategy.
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CHAPTER 3
Conclusions
Benthic fish assemblages of western Missouri River tributaries in South Dakota were
predominantly composed of native species, some of which are rare or extirpated from the
mainstem Missouri River in the state. Species richness was lowest in the White River, where
extreme environmental conditions likely limit species diversity and nonnative species
establishment. Longitudinal patterns of assemblage structure were observed in the White,
Cheyenne, Little White rivers due to natural and anthropogenic changes in habitat conditions.
Species additions occurred as rivers gradually increased in size and habitat complexity, but
species were replaced in response to abrupt habitat changes, which included Angostura Dam on
the Cheyenne River and rapid changes to river geomorphology on the White and Little White
rivers. Regional patterns of fish assemblage structure indicated that large-river fishes dominated
middle to lower segments of rivers, which contained greater stream widths, flows, and turbidity
levels. Fish typical of smaller rivers or creeks were more prevalent in upper to middle areas that
were smaller and had higher conductivity and dissolved oxygen levels. Additionally, nonnative
species or generalist species that thrive in degraded waters were found in areas below dams and
where channel incision was greatest. We identified where native, benthic fishes exhibiting
overall declines are persisting and may benefit from focused management and research aimed to
protect and conserve the assemblage.
Future Research
Landscape and land use influences to fish assemblages
Landscape factors often contribute to stream fish assemblage structure (Matthews 1998;
Marsh-Matthews and Matthews 2000). Our study did not incorporate landscape level effects,
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which could be influencing species distributions in western South Dakota rivers. Common
landscape-level factors incorporated into fish assemblage assessments include elevation, stream
gradient, or stream network position (Grenouillet et al. 2004; Torgersen et al. 2006; Beard et al.
2018). Additionally, land use practices can impact stream characteristics by decreasing bank
stability and riparian vegetation, which often leads to channel incision (Galay 1983; Belsky et al.
1999; Shields Jr. et al. 2009). The upper White River and upper Little White River consisted of
highly incised channels with fish assemblages dominated by habitat generalist species that have
been found to thrive in degraded waters, including Red Shiner Cyprinella Lutrensis (DeVivo
1995) and Channel Catfish Ictalurus Punctatus (Braun and Phelps 2016). Quantifying changes to
the landscape and its effects on habitat and fish assemblage structure may help address
challenges associated with agricultural practices or future development across the region.
Fish assemblage response to floods and drought
Western South Dakota rivers often experience periods of low or high discharge due to
erratic climatic conditions (Hoagstrom 2006). The durations of these periods are highly variable
and can include multi-year droughts or relatively short-lived, but substantial floods. Many native
fishes of the Great Plains are adapted to this environmental stochasticity; however, communitylevel responses to such events are poorly understood (Dodds et al. 2004). Long-term studies
determining the effects of flooding and drought to native fish assemblages in western South
Dakota rivers could aid in their conservation considering the projected warmer and drier climatic
conditions of the future (Milly et al. 2005; Perkin et al. 2015).
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CONSERVATION AND MANAGEMENT RECOMMENDATIONS FOR BENTHIC
FISHES
Routine and standardized fish and habitat monitoring
Assessments of fish communities in western Missouri River tributaries of South Dakota
have been sparse within the past 20 years (Fryda 2001; Duehr 2004; Hoagstrom 2006; Jones
2018). Our study along with previous assessments employed different sampling techniques and
surveyed different sites within these rivers, which creates challenges in interpreting changes to
fish populations or the overall community. Additionally, studies have generally been short-term
and only captured a snapshot in time; an obvious shortcoming when considering the stochastic
nature of these rivers. Detailed habitat assessments are also lacking in the region or have been
conducted under differing protocols.
The development of a routine and standardized fish and instream monitoring program for
these rivers is recommended to evaluate habitat quality through time and assess temporal trends
in fish populations and communities. Jones (2018) commented that passive gears should be
foregone for active gears such as seines due to greater capture efficiencies. Electrofishing in
these rivers is challenging and often ineffective due to extreme conductivity and turbidity levels
(Jones 2018). We found success in sampling benthic fishes using bag seines, benthic trawls, and
trammel nets, with the trawl being the most efficient at capturing Sturgeon Chub due to their
affinity for high velocity habitats. Gear selection should be dependent on objectives; however
standardized protocols should be developed for each gear type. Sampling reaches would also
benefit from standardization, and road crossings or bridges in most rivers would provide ample
sampling opportunity. Standardized habitat assessments could evaluate instream changes in
relation to natural processes or anthropogenic impacts. The adoption of a routine monitoring
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program in these rivers could contribute to the conservation of native and rare species and the
habitats on which they depend.
Maintain flow regimes and connectivity
Western-slope tributaries of the Missouri River in South Dakota are either entirely
undammed or possess extended lengths of continuous riverine habitat that facilitate natural
riverine processes, and thus, high abundances of native fishes. They continue to be an area of
refuge for pelagic broadcast spawning minnows that are rare or extirpated from the Missouri
River in the state, including Flathead Chub, Plains Minnow, Western Silvery Minnow, and
Sturgeon Chub. We recommend flow regimes and connectivity be maintained in these rivers at
their present state to avoid future native fish declines. Isolation from historical fluvial habitat on
the Missouri River has likely contributed to a slow trend of biotic homogenization (Hoagstrom
2006; Jones 2018) and puts native fishes of these tributaries at a greater risk to impacts
associated with a future warmer and drier climate (Milly et al. 2005; Perkin et al. 2015). We also
recommend that instream flows be maintained, as perennial flows in the Great Plains are
threatened by extraction of groundwater for agricultural and municipal use (Rahel and Thel
2004). The conservation potential of South Dakota’s western rivers is evident and efforts should
be made for the protection of their biota.
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